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The shocks—the stresses—the strains to 
which a motor car or truck is subjected 
when speedily traveling over rough roads 
would soon work ruin to the vehicle were 
it not for alloy steels. 


In many of America’s most prominent cars, 
such parts as springs, gears, axles, shafts, 
motor parts, etc., are made of the various 
analyses of Agathon Alloy Steels. 


These tough steels of super-strength are 
the backbone of what motor transportation 
has accomplished in speed and endurance. 
They are the big contributors to Low- 
Upkeep, Length of Life, Service, Reliability 
and those other important factors con- 
sidered by the ultimate consumer of gas 
engine vehicles. Send for interesting book- 
let, ‘‘Agathon Alloy Steels.” 


We have daily pro- 
duction in all kinds 
of commercial alloy 
steels such as— 


Nickel, Chrome- 
Nickel, Uma, Molyb- 
denum, Chrome- 
Molybdenum, 
Nickel-Molybde- 
num, Vanadium, 
Chrome - Vanadium, 
Chromium, etc. 


Deliveries in Blooms, 
, Bar 


’ ’ 3; 
Spring Flats, Hot 
Rolled Strips, etc. 


THE CENTRAL STEEL COMPANY, Massillon, Ohio 


Swetland Bldg. Book Bldg. 
Cleveland Detroit 


P Gas Bldg. University Block Widener Bldg. 
a Syracuse Philadelphia 
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The people who use your product expect 
higher standards than ever before. All industry 
has taken this trend. 


As a result the manufacturer who is filling 
this need is getting the business. In addition 
he is making himself secure against less 
favorable business conditions. 


High standards mean better manufacture. 
This adds a new significance to ‘‘good tool 
steel.’” It must be conceded that the kind of 
tool steel you use is reflected in your product. 


‘“‘It pays to use Good Tool Steel.’’ It pays to 
use Columbia, the kind that is and always 
will be the best that can be made. 


COLUMBIA TOOL STEEL COMPANY 
Main Office and Mill, Chicago Heights, Ill. 


Cleveland Cincinnati Chicago Milwaukee Detroit 
Worcester St. Louis St. Paul Kansas City 
Denver New Orieans Portland Seattle Los Angeles 
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WAGES OR SALARY 


I T IS quite frequently stated that the individual who receives 
wages has only a job, while he who receives a salary is con- 
sidered to have in his possession a position. While the difference 
between a job and a position is of no degree of importance there 
is as a rule quite a wide and perceptible distance between wages 
ind salary. For instance: a brick layer at $18.00 to $20.00 a day, 

plasterer at a similar rate compare all to favorably with the 
skilled graduate engineer who must by force of circumstances 
and nonappreciation on the part of his employer go along on a 
salary of $200.00 to $250.00 a month. 

We are always ready to grant the ‘truth of the statement that 
the metallurgical profession is under paid. There are several 
prominent reasons that present themselves for this unfortunate 
and serious condition of affairs, the first of which is that metallurgy 
as a profession is rather new and consequently those employers 
{ the old school are rather reluctant to grant the premises of a 
statement that a new profession has risen that performs a work 
fundamental importance to his plant. The second reason for 
the small amount of the monthly pay check of the metallurgical 
engineer is that the engineer himself has failed to impress upon 
his employer the importance and responsibility of the position 
he fills. 

On the books of any manufacturing concern you will find 
sted productive men and nonproductive men and it is unfortunate 

observe that the metallurgical engineer is placed on the non- 
oductive list. Consequently, when it is possible for one of the 
roduction men to place a chart before the manager showing that 


ey have been able fo increase production on certain machines 50 to 
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75> per cent it all makes a very favorable and profound impre 
sion upon the manager while undoubtedly it was not brought 
his attention that the reason for this splendid increase in tl 
efficiency of the machine was due to the solving of a proble: 
by the metallurgical department. 

We believe in giving every man his just dues, and we f{ 
quite confident that the metallurgical engineer has not receiv: 
his just dues, and that it is up to the engineers themselves 
maintain a cost system in their own department and to charge 
as productive labor all problems that are solved by their depa: 
ment which in anyway add to the efficiency of production. 

Too many of our members are accustomed to hide th: 
light under a basket, and while shouting your own praises 
tooting your own horns are conditions that do not meet wit 
hearty approval, nevertheless there are certain activities that | 
metallurgist concerns himself with that should be presented 
actual figures and facts before the management. It is_ perfect 
proper the metallurgist should receive a salary comparable in 


respects to the the important and responsible position he occupi 


WHITE COLLARS 


c. ON TINUING the same line of thought as in the previo 


article, a large employer of labor recently stated his 


ability to employ men for responsible positions in the plant 
while there was an over supply of white collared youths wl! 
were willing to take a clerkship at $50.00 a month that offer 
no possibilities of any great advancement. One would be abl: 
to point without any strenuous effort countless individuals w!| 
have risen to great prominence in the business world who h 
their beginning among humble surroundings and conditio 
but who realized their opportunities at that time, were on! 
stepping stones to greater progress. 

One thing that can be said of the metallurgical profess\ 
is that while it has men of the highest type many with colle; 
training, it also has individuals who understand and are willl! 
to shed their coats-and buckle down to the exigencies of t! 
occasion in which they find themselves. 


At the recent close of the commencement exercises 
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nerican colfeges and universities. 30,000 graduates entered 


» the world of business. There are those who discount the 


vantage of a college education, and when one considers the 


rning power of a college eraduate as compared with a man 


o has learned a trade, there js some basis for doubt. How 


all realize that while money is a very desirable commo 
and a necessity in all activities, nevertheless it should 
be the goal for which one strives, 

(here is a condition j \ living by means of Which under the 


st favorable circumst: inces one Is permitted to enjoy and live 


harmony with everything around him, and it is all brought 
out ma most happy combination of conditions, \ hile the 
llege trained man Starts in the race under a handicap of less 
ractical experience. nevertheless, he has a better 


equipped 
ind and is able to make more 


rapid progress than the man 
ho lacks scholastic advantages. 

In this connection, the LeFax editors have made a study of 
lc average incomes for five years, of the earnings of the Uni 
rsity of Pennsylvania graduates in which it js shown that 


e- owner of a business has the largest Income, and this em 


sizes an important truth that the individual who usually ob 


lams the greatest wealth j< the individual working for himself 


d not for another. Salesmen, printers and life Insurance 
ents, rank next to the owners of business as to the 


renumeration received each year, 


amount 
while chemists and engi 
crs are well toward the bottom of the list. and 
out $3000.00 per year. While there are no Statistics on which 
base any further deductions one js inclined to 
lar as it applied to the me tallurgical engineer. 
ther than the average pay received by 


are listed at 


believe that 
this amount is 
technical graduates in 

line. When one realizes the great responsibility and 
nity for service that js placed before the metallurgical | 


1) 


n there is no reason whatever. why the 


Opp iT 
yrofes 


average income 


uld not rank as high as that of any of 


f the other worthwhile 
upations, 


\n important responsibility rests on the members of this 
ety, the pioneers in the metallurgical industry, { 


if) st) 
ently devote themselves to their Opportunities, to work 


Nscientiously in all of their undertakings, and then realize 
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important accomplishments in their department. All this the 
will have a tendency to increase the respect a manager shoul: 
have for worthy calling and at the same time build up a high 
standard of renumeration for work well done. 


that there is no law that forbids presentations to managers 


THE STORY OF A STEEL TREATER 


HIS is the story of a steel treater, a true story, told to sho 
how one of the many, just like you and I, was able 


rise out of his mediocre surroundings and take enjoyment of tha: 
which we all seek—success. 


A short few months ago this man was buried in a_ heat 
treating room, carefully doing his daily work, at $25.00 per. HH 
was approached by one of our enthusiasts and asked to join the 


American Society for Steel Treating. Ten dollars 


looked big | 
him with the family needing things, and besides he had heard that 


these Steel Treaters were getting high-brow and _ that they 


spoke 
a peculiar language at their meetings, that they were “different.” 
But, he was made of the right stuff. so he joined, 

He had not paid so much attention to the “why” of his jo) 
but his first contact with the Steel Treaters showed him ai the 
were discussing the “why” part of his own job. He then recall 
that their talk sounded very a like conversations he had ove 
heard at the plant between the superintendent and the metallurgi 
from aa lab, and that frequently, after such talks, he was told to 
do things a little differently. Then it dawned upon him. If 
fellow understood such things he would get the better jobs. Th 
“big boss” was a level headed business man and surely there wa 
common sense in the thing. 

Then another thing came to him. Here at these very meet 
ings were those same “high brows.” even the metallurgist from thi 
lab. They were quite human and very likeable and seemed 
take an interest in him, along with the awakened interest in him 
self. Ile attended every meeting and read the TRANSACTIONS a1 
entered into the spirit of the Steel Treaters in full swing and | 


came well acquainted with the metallurgist from the lab. Th 
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me the opportunity, for which he had unconsciously prepared 
mself. Elis friend, the metallurgist, you see got around to dif 
erent plants and “knew things.” There was an opening at one 
f the company’s branch plants. They were doing a big business 
a quality product and were looking for someone to work with 
he men and show them how—but this man must understand his 


‘ 


ob, he must know the “why,” or else they could not use him. ‘The 
etallurgist at the lab got him the job. 

(hen comes the conclusion. The $25.00 was doubled at once: 
iustead of a job, he had a life’s work; instead of routine work, he 
ad diversity; instead of listening in, he was discussing things 
vith the superintendent. Then he was given charge of the shop, 
ind again his salary was raised. Now, he and his family, really 
now what it means to “get along” in the world, to have the associa 
tion of fellow Steel Treaters and the value of findine out the 
“why.” He also knows that he is made of the right stuff and 
that success really comes to those who are prepared for it. And 
e knows that the American Society for Steel Treating helped him 
prepare, gave him the start, and then placed Opportunity at his 
loor, even as it can do for you and me. 


H. 













THE GEORGE SPOT 





lilX unique piece of research work performed by [larry 5. 

George of the Union Carbide and Carbon Laboratories, 
Ine., described in detail in this issue of TRANSACTIONS. typifies 
the inventive genuous of our American metallurg sts, chemists, ana 
engineers, 

(Through the simple application of an opaque disk properly 
laced in the optical system of an ordinary bench-type metallo 
‘raphic microscope, Mr. George has made it possible to more 
ninutely and accurately study the microscopic structure of metals, 
their grain boundaries and physical condition, in their true relation 
hip to the actual condition of the object. 

While this development seems a simple one and one which 
hould have been discovered long ago, nevertheless it required 


uch study and concentration on the part of the author. It 
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shows that he had that fundamental knowledge of the properti 
of light and lenses which, of course, would be indispensible in 
research of this nature. Knowledge of the fundamentals invol\y: 
in the study of any problem is of absolute importance, otherwi 
the investigator simply stumbles along in the dark and_ seld 
arrives at any definite goal. 


Mr. George's “spot” will undoubtedly aid many investigato 


in their researches on the theory and constitution of metal 
alloys and the result of the use of this method may cause seve 
changes in the theories which have thus far been advanced. 
Through the use of conical illumination the work of 
metallographist will become somewhat more pleasant since it 
considerably more interesting and less fatiguing to view objec 
in their three dimensions rather than in only two dimensio: 
such as is the case in ordinary vertical illumination. Nonmetal! 
inclusions, grain boundaries, slip planes, ete., cai now be studi 
from a somewhat different point of view, which should resu 


in some worthy researches on this phase of metallurgy. 


ON TO PITTSBURGH 


HIN keen minds get together, as they will in Pittsbur; 

during the second week in October, it behooves all « 
the members of the A. 5. S. T. to make plans immediately 
be present at the conferences during the Annual Convention 
the Society. The Annual Convention and Exposition ar 
looked forward to, as making epochs in the progress of the a 
sociation, and in the advancement of the arts and _ scienc 
connected with the manufacturer or treatment of metals. 

The 1500 members of the Society who attended the co 

ference last year, at Detroit, will need no special urging or 
ducement to impress them with the great importance ai 
vast amount of valuable information that is to be obtained |! 
attending a convention. It is only to those individuals wl! 
have never attended an annual A. S. S. T. get-together th. 
there is need to have brought home very forcibly the great lo 
that will result to them in not having attended. 
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In speaking of the Convention last year, the Jron Age re- 
irted: 

“An unqualified success was the general verdict. of 
those who attended the fourth annual Convention and 
exposition of the A. S. S. Tl. The record made by this 
Society, only three years old, both in technical papers 
and in exhibits, insures it a place among the leading 
technical organizations in the country and stamps its 
annual meeting as one to the looked forward to and 
to be reckoned with.” 


‘on Trade. Review stated: 


‘Probably the widest representation of the iron and 
steel industry ever witnessed in this country was as- 
sembled at the fourth annual Convention and IXxposition 
ot ‘the A. 5, 5. T.” 


al and Metallurgical /:ngineering said: 


"Steel Treaters have done something which is perhaps 
unparalleled in the history of American technical’ socie 
ties. They have held a National Convention at which 
10 per cent of their entire members enrolled was present. 
They were rewarded by the best meeting and exposition 
the A. S. S. T. has ever had.” 


the chairman of the meetings and papers committee has 
rranged in co-operation with the other members of the com 
mittee a program of papers, round tables and symposiums so 
hat this session will mark a great advancement in metallur 
rical knowledge. While it is true that all the papers and dis 
ussions will be printed in the TrANsactions, nevertheless the 
vantage of hearing them presented by the author, of being 
ble to participate in the discussion and to ask questions upon 
ints that do not present themselves at the time with sufficient 
learness, all combined to make hearing a paper more valuable 
in reading it. 
The hearing of papers read and discussed, is one of 
¢ important advantages to be obtained by attendance, yet 


fact that you are brought into personal contact with the 


iding metallurgists and maufacturing executives of the coun- 





TRANSACTIONS OF 
116 AMERICAN SOCIETY FOR STEEL TREATING Aug 


try, is of importance. The opportunity to meet them and d 
cuss with them your problems adds to the wonderful adva 
tages to be obtained. 

It is needless to call especial attention to the great edu 
tional value of the exhibits. There will be gathered together 
Motor Square Gardens during the week of October 8th to 12t) 
the most imposing number of leading experts in the manufactu 
ing of metals, metal-working machinery, supplies and applianc 
for metal treatment it will ever be possible for you to meet a1 
talk with during the year. 


When you consider that any problem you may have cou! 
quite easily be solved by conference with any one of thi 
highly specialized individuals, and that you have hundre 
with whom you may discuss your needs, you should not hes 
tate a moment in making your preparations to attend the Co: 
vention and Exposition. 

Thousands are availing themselves of this opportunit 
presented annually by your Society and it is incumbent upor 
you to realize that that which is of benefit to others 


certainly be of great value to you. If you have not 


woul 
as yet 
presented the subject of your attendance at Pittsburgh to th 
executive in the plant, it is time now to present the benetit 
that is to be obtained by attending the Convention and [x 
position. Not only secure permission for your own attendanc 
but bring the plant executives with you. 


Again the railroads of the country have granted fare and 
half for the round trip, and certificates entitling members ani 
their famrtlies to this reduction will be mailed from the Society’ 
headquarters about the first of September. Members of thi 
Society can write to headquarters and secure certificates for 11 
dividuals who plan to come to Pittsburgh to participate in th 
activities of the week. 

While the social side of the Convention has not been 
emphasized, you may depend upon it that the previous repu 


tation for highly enjoyable occasions will be continued 


Pittsburgh. The various committees under the leadership « 
J]. Trautman |r., are exerting themselves to the highest «« 
gree of endeavor, in order that those who attend will not on! 


enjoy the technical and inspirational side of the conventio 
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will carry Gack home with them the idea that Pittsburgh 
a real friendly and hospitable spirit. Not only have they 
de extensive preparations for the entertainment of the mem 
rs and guests of the Society, but they have also made inter- 
esting plans for the entertainments of the ladies. 
lt is really important that you should begin your plans at 
nce and make your hotel reservations from the list published 
this issue of the TRANSAcTIONS. As a member you should 
<tend a cordial invitation to attend to all individuals, whom 


u feel would in any way profit by the Convention and [x- 
sition. 


HOTEL RESERVATIONS FOR THE CONVENTION 


In order that our members and guests may be well taken 
are of during the time of the annual convention in Pittsburgh, 
October 8 to 12 inclusive, we are again publishing the list of the 
hotels at Pittsburgh so that you may make your reservations 
mmediately and thus be sure of accommodations. 


In writing to the hotel please state the price and kind of room 


ou wish, and request them to acknowledge your communication 


onfirming the reservation and _ price. 
In case you have difficulty in securing the accommodations 
vou. wish, a communication addressed to the chairman of the 
) 


hotels committee, R. E. Polk, chief industrial engineer, [qui- 


table Gas Co., Pittsburgh, Pa., will receive prompt attention. 
List of Pittsburgh Hotels 
William Penn 


(Headquarters) 


Rooms with bath, 2 persons, Rate $3.50-5.00 9 each 
Rooms with bath, 1 person, Rate  4.00-8.00 


Fort Pitt 


Rooms with bath, 2 persons, Rate $2.50-5.00 each 
Rooms without bath, 2 persons, Rate 0) each 
Rooms with bath, 1 person, Rate 3.50-9.00 
Rooms without bath, 1 person, Rate 3.00 


Hotel Henry 


2 Rooms with bath, 4 persons, Rate 
2 Rooms with bath, 2 persons, Rate 
24 Rooms with bath, 1 person, Rate 
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Rooms 
Rooms 
Rooms 


Rooms 


Rooms 
Rooms 
Rooms 
Rooms 


Kooms 
Rooms 
Rooms 
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WILLIAM PENN THOTEI 


Convention lLleadquarte: 


Anderson Hotel 


with bath, 4 persons, Rate 


without bath, 4 persons, Rate 


without bath, 2. persons, Rate 
without bath, 1 person, Rate 


General Forbes 


with bath, 4 persons, Rate 
with bath, 2 persons, Rate 
without bath, 2 persons, Rate 
with bath, 1 person, Rate 


Seventh Avenue Hotel 


with bath, 4 persons, Rate 
with bath, 2 persons, Rate 
without bath, persons, Rate 


PREATING 


$2.50-3.00 
2.50-3.00 
2.00-2.50 


\ugus 
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Pittsburgh Natatorium 


(lor gentlemen only) 


Rooms, with swimming pool, cots, 1 person, Rate $2.00 


Monongahela House 


Rooms with bath, 2 persons, Rate $3.00 
Rooms without bath, 2. persons, Rate = 2.00 


Schenley Hotel 


Rooms with bath, 4 persons, Rate 

Rooms with bath, 2 persons, Rat 

Rooms without bath, 2. persons, Rate 

Rooms with bath, 1 person, Rate 
l 


Rooms without bath, person, Rate 


Rittenhouse Hotel 


Rooms with bath, 2 persons, Rate 
Rooms with bath, 1. person, Rate 


Y. M. C. A., East Liberty 


Rooms without bath, 1 person, Rate $2.00 


Negri Hotel 


Rooms with bath, 1 person, Rate 


New Sixth Avenue 


Rooms with bath, persons, Rate 
Rooms without bath, 2. persons, Rate 
Rooms with bath, 1 person, Rate 
Rooms without bath, 1 person, Rate 


Chatham Hotel 


Rooms with bath, 4. persons, 

Rooms with bath, 2. persons, 

Rooms without bath, 2. persons, 
| 


Rooms with bath, person, 


MEMBERSHIP AND ATTENDANCE CONTEST 


Hie Membership and Attendance Contest that has been 


in action during the past year, came to a close on June 30 
vith the following results: 


Pie MPPUMO ick A cin cad $200.00 Tri City 
Second Prize .. 150.00 South Bend 
Third Prize ... 100.00 New Haven 
Fourth Prize 50.00 Cincinnati 
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The nearest to Cincinnati was North West with 56.4 per cent 
and Syracuse with 55.5 per cent. The standing of the othe 
chapters in the contest was as follows: 


Per Cent Per Cent Per Ce 


North West .. 56. 9. Hartford ... 49.5 3. New York .. 31.7 
syracwme ..44 Bee 10. Providence .. 47.9 . Washington .. 26.2 
Detroit 11. Milwaukee .. 38.8 5. Cleveland ... 25.3 
Philadelphia .. 12. Rockford ... 38.6 . Springfield ... 25.4 


17. Pittsburgh ... 18.9 


It is quite evident from the number of chapters participating 
in the contest that it has been very interesting and helpful, how 
ever, as the contest progressed it was observed that the smaller 
chapters had a certain advantage over the larger chapters, inasmucl 
as it required a smaller number, not only of new members but 


of those in attendance at meetings, to give a higher percentage 
While in actual figures Detroit has had the largest number 
of new members added to its roll nevertheless it had a low per 


cent of increase due to the fact that its increase was based on a 
larger original number. However, no credit is to be removed 
from those chapters that have so strenuously persevered to the 
goal throughout the entire year. 

It is interesting to note that the progress of the Tri City 
and South Bend chapters has not been spasmodic but has been 
consistent throughout the year, and while with New Haven and 
Cincinnati the growth thas been more or less steady, nevertheless 
both of these chapters sprang into prominence and high position 
toward the close of the contest by means of special activities on 
the part of individuals of their chapter and their membership com 
mittees. 
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THE ANNEALING OF SHEET STEEL 
By Francis G. White 


Abstract 


In this paper the annealing of low-carbon sheet 
steel 1s discussed from the mill standpoint, and grain 
growth caused by a slow cooling rate from the annealing 
temperature is shown in photomicrographs. The com- 
plexity of sheet steel annealing will be realized when it is 
recalled that at times as many as 40 tons of sheets are 
placed in one furnace. The heat must be driven through 
an annealing cover and a blanket of air or gas surround- 
ing the sheets, and then equaliy distributed throughout a 
mass of steel, probably three or four feet thick. While 
at this temperature as much air as possible must be ex- 
cluded and t'e material cannot be exposed to the air 
until it 1s cool, otherwise, severe scaling of the sheets re- 
sults. Slow cooiing from this temferature is ideal for 
grain growth, If the shects were heated to the upper 
critical range it would be impossible to open them be- 
cause of “sticking,” even though the cooling time could 
be shortened. Various furnace designs, temperature 
curves, ane stamping tests are included in the paper and 
an outline of the general practice in one plant is discussed. 


INTRODUCTION 


(. speaking the requisites mecessary for th 


successful annealing of sheet steel are, minimum — grain 


erowth, the removal of rolling strains, ease of opening after 
annealing, and a clear surface on the sheet. The cost of obtain 
ing these qualities must of course be no higher than the trade 
will stand. To the user of sheet metal for stampings, the anneal 
ing is very important. While tin plate is not ordinarily thought 


of as a stamping steel, tin cans require double seaming, while 


A paper to be presented at the annual convention of the Society, Pitts 
burgh, October 8-12, 1923. The author, Francis G. White, 
engineer with the National Enameling and Stamping Co., Granite City Steel 
Works branch, Granite City, Illinois. Written discussion of this 
invited. 


is metallurgical 


paper 1s 
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the tops and bottoms are light stampings. Galvanized shee! 
are very seldom stamped except when tite coated, but the trad 
seems to require a soft sheet whether it is blue, black, galvanize 
or tinned. 


The various types of annealing furnaces, fuels, and method 
of handling sheets and boxes are discussed. Certain annealin 
tests conducted by the author invalving furnace design, fuels, et: 
are incorporated in the text of this paper. 


Box ANNEALING FURNACES 


The fuels used may be either oil, gas, coal or electricity 


while the furnace type may be the box, continuous box, or th 
continuous muffle. A furnace is usually built for one certain fuel 
but probably with some rearrangement it could be adapted to mor 
than one. The newer continuous box type furnaces are mor 
or less in the experimental stage although numerous installation: 
are giving great success. The old box types are the more com 
mon and are fired by either oil, gas, or coal. The first two ot 
these fuels have a tendency to burn the sheets rather than annea 
them, and the number of stickers is quite liable to be more pro 
nounced. Two types of box furnaces are shown in Figs. 1 and 
2, and after a trial on oil and gas were finally fired with coa! 
screenings through automatic stokers, with fairly good success 
Fig. 1, is a side-fired furnace while Fig. 2, is rear-fired. Th 
problem of heat distribution within these furnaces had to )b 
carefully studied before any set annealing practice could be fol 
lowed. Sliding dampers on the flues, flues of various sizes, thi 
height of the bridge wall varied, a recuperative bridge built, an: 
the benches redesigned to allow the circulation of draft below 
the box, were some of the variables encountered. 

Most of the tests described in this paper were run using o1 
certain sized bottom and cover as shown in Fig. 3, with fou 
making the weight of sheets in each box vary from 10,000 t 
as high as the cover would allow, this being about 42 inches 

‘QOVUING YORI OUT pasiVyD saxoq Yous 
16,000 pounds, depending of course on the size of the sheets 
sjaoys oy} apd 0} AreUIOJSND seM jt ‘paqisosap soodvuUINy oy} Uy 
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i first thought it would appear that a uniform temperature 


hroughout the furnace would be ideal. but when it comes to an- 


ealing many different sizes of sheets, a nonuniformity is at times 


Ronner 


DSSSSSSY 


WATTLE 


Fig. 1—Side-fired Double Stoker Box Type Annealing Furnace. 
Lower Sketch is Section AA Showing Flues. Upper Sketch Halt 
Longitudinal Section. 


dvantageous because a heavy box of large sheets could be placed 
i the hottest portion of the furnace and the lighter boxes nearer 
the door. The actual practice, involving temperature and _ time 
il] be discussed later in this paper under the heading of the 
arious grades of steel, such as tin plate, deep stamping metal, etc. 

Pyrometric equipment was installed, two thermocouples in 
e side-fired furnaces and one in the rear-fired. Rare metal 
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couples were used and an indicating instrument for the operatoy 
with recording instruments in the superintendent’s office wer 
supplied. It must be remembered that these instruments mere} 
give the roof temperature of the gases and not the temperatur 


moat 
ZI 


' 
' 
' 


20 —rustinennneesitbe 


Bench — 


ns Ol Bais 


EET 


Fig. 2—Rear-fired Single Stoker Box Type Annealing Furnace. Lower Sket 
Section A'A!, Showing Flues. Upper Sketch Half Longitudinal Section. 


pe. 


of the steel within the box. The relation of the temperature 0! 
the steel to the roof temperature was carefully determined on 
several hundred boxes. In this annealing, the time element wa 
found to be an important factor to be considered, because th 
air space within the cover isa very poor conductor of heat. To 
obtain the actual temperatures within the boxes by pyromete: 
requires quite an added expense on routine work so that when 
a set practice was adopted this equipment was no longer used 
By observing the roof temperature reading, and applying. th 
time factor, a fairly accurate figure for the temperature withi 
the box could be estimated. Fig. 4 shows the arrangement 0! 
the thermocouples as they were set within the boxes. [ron co! 
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ntan couples were made up, each wire being covered with clay 


sulators, and the temperatures read with a potentiometer type 


rometer. 


The longest couples were about 


thirty 


ised on the back boxes, while the others were shorter. 


feet, 


being 


in pack 


the sheets two %-inch sheet bars were placed in the pile one 


two inches apart, the bottom ones about ten inches from the 
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bottom and the top ones a similar distance from the top. 2B 


inserting the couple so that the junction was in the middle 
the pile, then leading the couple under the cover and piling sa: 
around the bottom, an air seal was effected. The boxes we: 
then run into the furnace and the couples were lead out und 
the door, where they were connected to a multiple point switc 
so that the reading time was quite rapid. Ordinarily, the rea 
ing was stopped when the temperature on all couples began to fa 
which was often several hours after the boxes had been remoy: 
from the furnace. These thermocouples rarely lasted over fi\ 
heats, so for regular practice the expense was far too great. 

On several occasions there was a decided rise in the temper: 
ture readings several hours after the boxes had been remov 
from the furnace and at a time when the temperature curve shows 
a uniform drop for several hours. This may be a new critic: 
range and always occurred around 900 degrees Fahr. No furthe 
discussion of this peculiar action will be taken up in this pape: 
because the author has not enough data at hand to say mi 
about it. This condition may look like a pyrometric misreading 
as there seemed no justified cause for it. While speaking 01 
temperature readings it might be well to say, that in all this wor 
. the cold end was compensated by junction boxes in small well 
surrounded by circulating water under a constant temperature | 
75 degrees Fahr., and for roof temperature work rare met: 
couples were used. ‘While pyrometers, without a doubt, are vei 
helpful to both the annealer and the superintendent, who ca 
thereby check his work, there is nothing more harmful to “'t! 
man at the fire’ than an inaccurate or unreliable instrument. 


FURNACE CHARGING METHODS 


Concerning the methods of charging box annealing furnac: 
two types might be considered. The cannon ball type, whe 
the bottom is placed on several iron balls of about eight incli 
in diameter, has a great advantage, inasmuch as it allows a great 
circulation of heat around or beneath the box. This method, how 
ever, makes charging much more difficult and is quite liable 
warp the bottoms of the boxes. When benches are used, t 
boxes are placed on a jack or charging machine and pulled o 
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pushed into the furnace. Here the bottoms are supported 


many places and warping is less common. ‘The bottoms ar 


cast with fins which allow some circulation beneath them. 


CONTINUOUS BOX-ANNEALING FURNACE 


Undoubtedly the continuous furnace has some advantage: 
over the stationary type, but there is still the necessity of ex 
pending a great deal of heat in heating the cover and bottom 
At times this dead weight may exceed the weight of the sheet 
themselves. In this type of furnace the box is placed on a 
continuous belt or chain and carried through the furnace. By 
varying the speed of the chain a somewhat better control of heat 
is obtained over the stationary type of furnace. 


CONTINUOUS ANNEALING IN MUFFLE WitHoutr Boxes 


While the author does not know of anyone using a continuous 
muftHe furnace, without the use of covers or boxes, and in which 
is maintained a reducing atmosphere, nevertheless such a_ furnac« 
has many commercial possibilities. Fig. 5 shows the plan and 
elevation of such a furnace. It would eliminate the heating of 
bottoms and covers and except for the continuous chain and _ the 
furnace losses, all the heat expended would go directly into the 
material to be annealed. The sheets could be piled a few inches 
high, instead of forty or fifty as is common, thereby enabling 
the material to pass through the heating zone rapidly, cooling muc!l 
more rapidly, and cutting the annealing time from approximately 
sixteen hours to an hour or two, or perhaps less. The tempera 
ture at which the sheets would stick could be obtained and _ then 
the furnace temperature not allowed to. run over it. 


STAMPING QUALITIES OF SHEETS 


In box work, it is quite necessary to have an air-tight covet 
inasmuch as a leaky one will produce red or black sheets, burnt 
edges, or dirty surface. Lifting a cover too soon will give some- 
what the same effect, and numerous customers believe that a sheet 
with well blued edges is a sign that it has been well annealed, while 
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in reality every box of steel could have a blue edge if it were 
illowed to get the air too soon. 


Steel sheets are frequently deoxidized in annealing, i. e., 
imnealed in a box in which the entrapped air is displaced by a 
nonoxidizing gas—and the resulting sheets are silvery white, 
with no trace of scale on them. Such a furnace as described would 
ierely make the muffle an annealing cover, and since the cover 
method will work satisfactorily, the installation of a conveyer 
in a muffle is only a matter of mechanical arrangement. The 
blue annealing in an open furnace is a good example of rapid 
annealing, and on tests on similar gage hox-atinealed, the blue 
uinealed sheets were much softer and staniped better, 

Before taking up the furnace cutves and actual temperatures 
used in these tests, the stamping qualities of sheets will be con 
sidered. While softness is usually the quality referred to, it 
seems an inaccurate way of expressing the stamping qualities, for 
an over-annealed sheet, exhibiting a large grain structure, will be 
dead soft if tested with any type of hardness tester, and a rough 
sheet will usually test softer than a highly polished one. The 
I‘richsen testing machine, which seems to be the adopted standard 
for stamping tests, will show the stamping qualities quite clearly. 
In operation this machine holds a strip or square of about three 
inches in width, tightly against a die which has a circular opening 
in it which is approximately one inch in diameter. A rounded 
plunger on a screw is tightened up against the sheet and when a 
crack appears, the depth of impression is read on a gage. The 


relation of the sheet thickness and the depth of impression can 


be compared to a standard curve and expressed in percentage of 
the standard. 

If we cut a diagonal across a sheet and take five or seven 
readings across this diagonal, and then find that the highest read 
ings are near the edges, then we can say that the sheet is under 
annealed, because the heat has not had time to penetrate to the 
middle of the pack. If the middle test gives the highest readin 
and the edges are low, then the edges have been at a high tem- 
perature for a sufficient length of time to allow grain growth. 
Photomicrographs have shown this to be true. 

Dirty sheets, or those with a red surface or edges, have often 


1 “ * . . 
een referred to as under-annealed, because in the stamping 
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operations the breakage runs high. Erichsen tests on such sto 
usually run up to standard because the machine runs quite low! 
and friction is low. In rapid stampings, this scale acts as a 
abrasive on the dies and in turn tears the metal. Therefore, tly 
surface condition is very important. A polished or cold rolle 
sheet will stamp better than a simple pickled and annealed one 
Because of the strains set up, cold rolled material is usually r 
annealed, but even then the grain structure is poor, and the adde 
stamping qualities certainly relate to the surface. The exact rati 
of these two factors is not known, bit the fact that they are im 
portant seems quite evident. 


(CHEMICAL COMPOSITION OF SHEETS 


The chemical composition of the steel has purposely bee: 
avoided up until this time. This paper considers only” a_ lov 
carbon open-hearth steel of about 0.10 per cent carbon, about 
0.035 per cent sulphur, about 0.40 per cent manganese and_ phos 
phorus varying according to the purpose, use and gage: of thi 
sheet. Light gage, such as tin plate, will run around 0.080 pe: 
cent phosphorus while heavier gage may run as low as 0.005 
per cent. Since practically all stampings are made cold, and 
phosphorus imparts cold-shortness to the steel, we may say that 
the lower the phosphorus, other things being equal, the better tlh 
steel for stamping, here again, there may be an exception in that 
low phosphorus will not give the surface to the finished sheet, an 
as has already been mentioned, the surface is very important 
Also the very low carbon or iron sheets do not stamp as_ wel! 


No study as to the reason for this has been made as yet. 


[LABORATORY STUDY OF ANNEALING 


A steel having a carbon content about 0.10 per cent, woul 
have a theoretical annealing temperature near 1620 degrees [al 
If a pile of sheets were heated to this temperature it would re 
quire a hammer and wedge to get them apart. Then to 
because of the large mass of material and the slow rate at whic! 
it cools, there is ample time for grain growth. Hence, a tes 


was made as follows. Six sheets were chosen with no special al 


. . . . 7 see ] 
tention given to their selection other than to secure a consideral 
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Table I 
Erichsen Tests 
Summary of Results 
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Analysis of Steel—-Table I 
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( Mi Phos 
; Oll 
O11 
O17 
O15 
O54 


OY 


range in gage. The sheets were cut into 3%-inch squar 
and the squares from each sheet thoroughly shuffled together an 
marked. Five squares’ were taken from each sheet for each ex 
periment, and the sheets were prepared for annealing by packin 


in a small metal box and covered with clay and fine sand, special 


effort being made to exclude the air. The box was then place 


in a small electric furnace and two annealings were made at 
each of the following temperatures: 1100, 1200, 1300 and 1400 
degrees Fahr. The first run in each case consisted simply i 
bringing the furnace to the desired temperature, and then cooling 
it slowly. The second run in each case was conducted in thi 
same manner except that when the desired temperature was 
reached it was maintained for a definite number of hours. Thi 
The furnace was so regulated that the rise in temperature ap 
proximated 100 degrees Fahr. per hour, and the cooling at about 
50 degrees Kahr. per hour. This heating and cooling rate is 
very similar to the rate inside an annealing cover. As _ the tests 
annealed were so small it can be assumed that the temperature 
within the electric furnace would equal the actual temperature o!| 
the samples annealed. 

After annealing, the squares were tested on an_ Erichsei 
machine and the results tabulated as in Table 1. A _ graphical 
representation of the same is shown in Fig. 6. Photomicropraghs 
of this test are shown in Figs. 7 to 14, the first three showing 
some rolling strains while the latter ones (annealed at 1300 de 
grees Fahr. or over) show grain growth. The Erichsen graph 
collaborates this and it seemed wise to carry on the experiment 
in the annealing room at 1200 to 1300 degrees Fahr. This tem 
perature would give as good if not better results in stamping, 
and the sheets would open quite easily after annealing, since th 
lower temperature would be less harmful upon the furnace and 
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vers, and since there was a considerable saving of fuel, this 
w practice reduced annealing costs without deteriorating the 


roduct, in fact in many cases improving it. 
Mitt Strupy—CANNON BALL TyPpE FURNACE 


In order to further carry out this test the temperature was 


taken on ten heats, couples being placed inside the boxes, and 
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Fig. 6—Graphical Representation of Data of Table | 
ecimen A, Heated to 1100 Degrees Fahr; Specimen Bb, 
lieated to 1100 Degrees Fahr., Held for 16 Hours; Spe 
cimen C, Heated to 1200 Degrees Fahr.; Specimen D, 
Heated to 1200 Degrees Fahr., held for 16 Hours; Spe 
cimen E, Heated to 1300 Degrees Fahr.; Specimen F, 
Heated to 1300 Degrees Fahr., held for 16 Hours; 
Specimen G, Heated to 1400 Degrees Fahr; Specimet 
H, Hleated to 1400 Degrees Fahr., held lor 16 Hours. 
All Specimens Cooled Slowly after Heating 


eC, 


sheets being taken out after annealing at a distance of one 
to two inches from the couple. The furnace curves on Test 7, 
lable Il are shown in Fig. 15. The maximum and minimum 
emperature of the sheets on this particular heat is seen to be 
nly 40 degrees Fahr. In the study on bench type furnaces, i 


vill be seen that this variation runs up to 300 degrees Fahr 


hich makes it quite impossible to correctly anneal the whole 
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Fig. 7—Steel Heated Slowly to 1100 Degrees Fahr. Cooled slowly in Furnace. Fig 
8—Steel Heated Slowly to 1100 Degrees Fahr., Held at Temperature 18 Hours. Cooled 
Slowly in Furnace. Fig. 9—Steel Heated Slowly to 1200 Degrees Fahr. Cooled 
Slowly in Furnace. Fig. 10—Steel Heated Slowly to 1200 Degrees Fahr. Held at 
Temperature 16 Hours. Cooled Slowly in Furnace. Fig. 11—Steel Heated Slow!) 
to 1300 Degrees Fahr. Cooled Slowly in Furnace. Fig. 12—Steel Heated - Slow!) 
to 1300 Degrees Fahr. Held at Temperature 16 Hours. Cooled Slowly in Furnace 
Fig. 13—Steel Heated Slowly to 1490 Degrees Fahr. Cooled Slowly in Furnac« 
Fig. 14—Steel Heated Slowly to 1400 Degrees Fahr. Held at Temperature 1! 
Hours. Cooled Slowly in Furnace. Figs. 7-10 Show a Fairly Fine Grained Structure 
Still Showing the Effect of Straining. Figs. 11-14 Show Well Formed but Larg: 
Grains. All Photomicrographs x 100, ’ 
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Table II 
Erichsen Test 
Cannon Ball Type Furnace 
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n higher than centers and 16 centers ran higher than edges. 
of 


ff thermocouples shown in Fig. 17. Erichsen Standard for Stamping and Folding Sheets 


harge. The material annealed in this test was 21 and- 22-gage 
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cep-stamping steel. It amounted to several hundred tons and 


as followed through the stamping operations. The breakage 
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was so low that it verified the Erichsen test readings. On Te 
{, Table II, the temperatures were taken for 
thereafter the annealing was done 
with the laboratory practice. 


information only 
as far as possible to confor 
[t will be noted in Fig. 15 that tl 
to rise within the box after the 
off—because the steel absorbs 
furnace 


temperature continues fire is cu 
quite a lot of heat from th 
itselfi—and it took two or three heats 


before this ris 
could be estimated. 


Test 3, Table II, produced quite 


a number of red_ shee 
although the temperature was very high, showing that red shee 
do not necessarily mean that the steel was under-annealed. Th, 


test taken as a whole showed over-annealing—at 


as the temperature was concerned. 
ceived more heat 


least as fa 
The top sheets (which re 
than the bottom ones) gave a slightly low, 
[Erichsen value and the middle of 


all sheets as compared to th 
edges gave a higher value. This 


would seem like a very satis 
In Fig. 16 the furnace temperature. 
were plotted against the Erichsen percentage for each thermo 
couple, and clearly show a case of 


factory check on the work. 


Over-annealing. Table || 


is a record of all Erichsen tests. furnace temperatures, etc. 


Mitt Stupy—Bencnu AND CHARGING MACHINE TYPE FuRNAC! 


As mentioned earlier in this paper the temperature varia 
tion within the box is much greater in this type of furnace. |; 
‘ig. 17 the inside temperature is plotted against the roof tem 
perature and a wide variation (300 degrees Fahr.) 


was recorded 
This furnace was a side-fired one, with 


two fire boxes and tly 
charge in all four annealing boxes was of equal weight and 
size. While the rear-fired, (one fire box-type ) 
unequal heat distribution, the boxes are 
tion as to compensate for this. 


has even mor 
arranged in such posi 
Erichsen tests on this study wer 
very similar (at equal temperatures) to those in the previous 
study. 


HANpD Firep Versus Stoker FIRED FURNACES 


lt was thought that a considerable saving in 
made by’ firing these furnaces by hand in place of 
chanical stoker. 


coal could be 
using a me 
Numerous tests were run on two similarly built 


furnaces, differing only in the method of fring. It was foun 








IVNNEALING SHEET STEEI 





+ + 


panels 


| | | | 

ail ain 1 a a wan wail iene 

. + ne aa ee 15, 16 
Time ‘7? Hours 





setiiiinilie ites 
17 18 19 20 2/ 


‘ig. 15—Cannon Ball Type—Single Stoker Furnace 
urnace, Temperature in Pile Nearest 
; Nearest Fire and 10 


Curves Show Roof Temperature 
Fire and 10 Inches from Bottom, Temperature 

Inches from Top. Charge Contained 15 Tons of Sheets and 
ms of Annealing Box. Test 1, Table II 


’ 











+ 





+ + + + 
i 


a L ‘- i aw ed 





Fig. 16—Relation of Maxmium Annealing Temperature to Stamping 
Sheet Steel as Shown by the Erichsen Test. Material 


Qualities of 
\nnealed in a Cannon Ball Furnace. 


was Deep Stamping Steel 
Data from Table II. 


difficult to get equal weights of similar size sheets, covers and 


bottoms. The nearest approach to this is shown in Fig. 18. 


lt was also deemed necessary in order to obtain a fair test, to 
fire at equal temperatures an equal length of time. 


The stoker- 
hred furnace burned 3542 pounds of 


coal to anneal 46,030 
pounds of sheets, while the hand-fired one burned 4195 pounds on 
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Fig. 17—Bench Type—Double Stoker—Side-Fired Furnace. Curves. Show R 
Temperature of the Furnace, and the Temperature of the Boxes Within the Fur 
Position of Couples Shown in Sketch. Couples B, D, E and G Would Plot Bety 


C ani H Which are the Maximum and Minimum Temperatures of the Sheets. |) 
from Table II. 
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Fig. 18—Hand-Fired Versus Stoker-Fired Furnace, Showing the Results Obtai 
in a Test to Check the Relative Economy of Each Type of Furnace. An Average 
All Tests Showed. About an Equal Coal Consumption on Each Furnace with I 
Considerably Higher on the Hand-Fired Type. 


52,755 pounds of metal. An average of all tests showed about a 
equal coal consumption with labor considerably higher on_ th 
hand-fired type, therefore, the use of stokers was continued. 


GENERAL PRACTICE 


The majority of light gage, annealed sheets are pickled 
sulphuric acid; the solution averaging about 8 per cent by volume 
If this operation is done after annealing, it is necessary to pu 
the sheets through a dryer. If it is done before, ‘the annealin 
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J rnace is in reality the drier. If the sheets are allowed to dry 
4 efore they are covered and placed in the furnace, it is difficult 
clean them. Therefore, it is advisable to charge them into a 

tt furnace at a temperature around 1000 degrees Fahr. Slow 


ring would undoubtedly reduce the difference in temperature 


between the top and bottom sheets but it is perhaps more im 


Table III 


Temperature Differences During Firing 


All Bench Type Furnaces except N 2. Rear-l 
Temp 
Average Durin 
Roof I H 
Inside Temp. Temp. il Firing Soak 1 Dit Lem] hurt 
Degrees Fahr. during [ur Dime ng ut I Per Hout N\ 
Max Min Firing nace Time 1 1) | 
l 1450 1050 1542 1459 13 } l¢ ‘ $00 es | 
1400 1360 LS4¢ 1722 10 5 15 4 10) ( | 
1400 1290 1748 1628 9 6 15 4 110 +14 
{ 1340 1250 1565 152¢ 10 { 14 Ti QO | 
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portant to be able to clear them. Data on sixteen heats are given 
in Table III. The average roof temperature during the firing 
time was 1590 degrees Fahr. and was obtained in an average 
of 11% hours. The soaking period (which does not figure in 
this average) was about 4 hours, after which the doors of the 
annealing furnace were opened and the boxes allowed to cool 
for three or four hours before removing. This delay seemed 
necessary because of the extreme heat which would work an 
unnecessary hardship on the men. It has since been found ad 
visable to set a maximum roof temperature of 1800 degrees 
kahr., and by bringing the temperature up as rapidly as_ possible, 
the annealing time has not been lengthened. After removing 
irom the furnace, the boxes are set on the floor to cool, and the 
covers are not raised for 30 hours. 


Such material as tin plates or any full finish cold rolled 


(Continued on Page 216) 
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CONICAL ILLUMINATION IN METALLOGRAPHY 


A New Method of Illuminating Opaque Objects Obliquely 


By Harry S. George 


Abstract 


Conical alumination is a new method of lighting 
for microscopic examination and photomicregraphy — of 
opaque objects. A more natural representation and clearer 
insight into structural relationships are its marked advan- 
tages. The present article describes and illustrates the 
method in its application to metallegraphy at magnifica- 
tions ranging from 100 to 4000 diameters. 


re to distinguish and interpret metal structures is fu 
1 


damentally affected by the method of illumination. For tl 
present purpose, it is hardly necessary to do more than recall that 
the methods heretofore in use are of two distinctly different kinds 
The distinguishing difference is that while in one system, light is 
admitted to the object through the objective, returning upon itself 
through the objective and being suitably deflected to the observer; 
in the other system, light is thrown on the object from some point 
outside the objective and then is reflected through the objectiv 
to the eye. The first system is known as vertical or axial illu 
mination and the second, as oblique illumination. ‘These two 
methods have reached a stage of almost complete development 
and have become so familiar to metallurgists through long ure, 
that anything radical in the way of improvement or modification 
will be greeted with at least a degree of curiosity or even doubt. 

Metallurgists become so familiar with metal structures that 
they perhaps do not realize that the mental picture seldom coin 
cides with the physical image in the microscope. The process 
of examination has become second nature and the observer 1s 


not always aware that he is not actually seeing physically all that 


A paper to be presented at the annual convention of the Society) 
Pittsburgh, October 8-12, 1923. The author, Harry S. George 
associated with the Union Carbide and Research Laboratories, Inc., 
Long Island City, N. Y. Written discussion of this paper is invited. 
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visualizes mentally. To take a simple illustration, a polishin> 
ratch on a polished metallographic specimen appears under ver 
ical illumination to be a black line on a bright surface. We in 
terpret this to mean that a hard abrasive particle has plowed a 
furrow through a yielding metal even though the furrow is not 
seen. Again, a polygonal configuration of thin black lines on a 
bright surface is the outlined cross-section of grains of meal 
although few know the nature of these outlines, whether a grain 
boundary is a step down from one level to another, or a ditch 
etched out between grains, or a ridge. That which is seen through 
the microscope bears the same relationship to the structure that 
a mechanical drawing does to the object it represents. For exam 
ple, when pearlite is examined under sufficiently high power, say 


500 or 1000 diameters, the plates and globules of cementite ap 


pear merely as outlined areas although their real condition is one 
of relief, 
The reason why constituents are seen only in outline under 


ertical illumination is, of course, that they are illuminated by 


a 
lial 
| 


it parallel, or very nearly parallel, to the axis of the lens sys 


tem, and as this light falls normally upon the surface of the ob 
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Fig. 3—Device for Obtaining Conical Illumination. The Discs are Mounted 
within a Wheel so that they may be Readily Adjusted in the Path of Light. 


ject no shadows are cast and very little shading is manifest. ‘This 


Is an unnatural condition but has become so familiar as to seem 
natural. It results” from the limitations imposed by the optical 
equipment, which necessitate, in the case of the higher magnifica 
tions, passing the illuminating beam of light through the lens 
system. 

IXven in the case of the lower powers where the working dis 
tance is sufficient to permit light to come to the object obliquely, 
the effect, while instructive in that it is open to interpretation, 1s 
nevertheless, subject to the criticism, owing to the extreme ob 
liquity of the light, of being an unnatural representation. The 
contrast between the appearances of a structure viewed by the 
above mentioned systems of illumination is very striking and_ is 
too well known to need discussion, 

It would be desirable, then, to view microscopic objects in a 
more natural way: to see them in relief, as one sees a man’s 


facial characteristics. Furthermore, as the trend of practice seems 
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Fig. 4—Device for Obtaining Conical Hlumination Using an Auxiliary Iris Dia 
hragm Mounted within a Wheel Whose Center is at the Optic Axis. 


to require examination at higher magnifications, any method im- 
parting a natural appearance should be adapted to high power 
lenses. 


CONICAL ILLUMINATION DESCRIBED 


The method deseribed in this paper is applicable to all objec 
tives for it is based on the fact that the objective itself is trans- 
mitting oblique as well as axial light to and from the object 
Reference to Fig. 1 will make this clear. The arrangement shown 
is purely diagrammatic, the usual glass reflecting disc, stellite mir- 


ror and eyepiece being omitted for simplicity. Also, of course, 


in actual practice, the light source is not a point nor is it sit- 


uated at the focal distance from the condenser. The design of 
the figure is merely to show clearly the fact that so-called axial 
illumination is really composed of true axial light and, also, of 
oblique light, 

Light traveling approximately parallel to axis AA of the lens 


system (axial light) falls normally upon the object and masks 
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Fig. 5—Photomicrograph of Etched, Complex Alloy Under Conical [lumination 
This Photomicrograph Shows the Same Field as Fig. 5-R (Opposite Page), but, in 
Photographing, the Direction for Illumination for Fig. 5 was from Left to Right, 
While for Fig. 5-R it was from Right to Left. (x 4000, 1.9 mm. objective, 10.0 x 
eyepiece. ) 


Direction of Light 


/ ‘ 


¢ Scratch 


consti tuent 


Fig. 7 Sketch Showing the Profile of Scratch (at AA, Fig. 5) Illus- 
irating Method of Determining Direction of Light Used in Photographing. 
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lig R——Photomicrograph of same Field 
Illuminated by a Strong Light from the Left 
Making the Broad Light Areas 
Elevated as 


as Fig. 5 If Fig. 5 and Fig Ro are 
Fig. 5-R Usually Presents an Illusion, 


Appear Depressed, Whereas in Reality They are 
Usually Apparent in Fig. 5. (x 4000, 


1.9 mm. objective, 10.0 x eyepiece.) 
Fig. 6 on Next Page Shows the Same Field 


with Ordinary Vertical [lumination 


any relief effect produced by the oblique. light. To obtain relief, 


it is only necessary to stop out axial light. One way of doing 


this is to place an opaque dise in the illuminating beam perpendic- 


ular to the axis AA. (See Fig. 2.) An image of the disc is 


formed near the back lens of the objective, thus producing a hol 


low cone of light in the objective, having its apex on the object. 


Since making this simple discovery, it has been pointed out 
to the writer that the method is essentially similar to oblique il- 


lumination by means of a substage condenser and stop in or- 


dinary microscopic work with transmitted light. With reflected 
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Fig. 6—Photomicrograph of Same Area as in Figs. 5 and 5R Taken with Ordinary 
Vertical Illumination. (x 4000, 1.9 mm. objective, 10.0 x eyepiece.) 


light and vertical illumination, the objective takes the place of 
the substage condenser and instead of placing a stop at the back 
lens of the objective, this method virtually places one there by the 
expedient of locating the image of one at that point. 

The dise is preferably placed slightly eccentric so that light 
will fall upon the object from one direction. The particular di 
rection of illumination, as well as the size of the disc, is bes 
determined by trial for each individual subject and purpose. 


While in some cases a definite, fixed size and position of stop 


is adequate, yet in most instances it is desirable to be able to rap- 
idly change the size of stop and to rotate the direction of light. 
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For this purpose, the writer has had constructed the two devices 
lustrated in’ Fig. 3 and 4. 

The contrivance shown in fig. 3 is simply an assortment of 
tops of different sizes mounted on the spokes of a wheel. As 
the wheel is rotated, any stop can be swung into position. ‘The 
rm on which the wheel is mounted is pivoted at its base so that 
the entire appliance can be swung out of the way. Any stop may 
he rotated about the optic axis by a compound rotary and_ pivotal 
4 inotion of the wheel. The shadow of the stop on the filter af- 
fords a convenient means of noting its position, 

The device illustrated in Fig. 4 serves the same purpose in 
a different way. It consists of an auxiliary iris diaphragm mount- 
ed within a wheel whose center is at the optic axis. The knurled 
adjusting nut controls the degree of eccentricity of the auxiliary 
iris. With the microscope nicely adjusted, the latter method is 
more conveniently operated than the one first described. More- 
over, it is the more rugged in construction but has the disadvantage ; 
of requiring more accurate adjustment of the microscope and of 


: cutting down the amount of light. 


TERMINOLOG\ 


In the following, the term conical oblique illumination or 
simply conical illumination will be used to designate the method 
just described to distinguish it from oblique illumination as  or- 
dinarily applied. The terms vertical, normal and axial illumina- 
tion refer to so-called vertical, that is, mixed axial and oblique i! 
lumination, commonly obtained when the object is illuminated 


through the objective. 


Microscopic APPEARANCES 


Oblique light as ordinarily applied is so nearly parallel to the 
surface of the object that it is not reflected from a perfectly plane 
surface through the objective to the eye because the angle of re- 
flection equals the angle of incidence. Consequently, plane sur 
laces appear dark by ordinary oblique illumination and_ bright by 
rdinary vertical illumination. Rough surfaces, depressions, or 
elevations for the same reason, appear either light or dark depend 


oO 


on whether they are viewed by ordinary oblique or by ordinary 
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Fig. S8—Photomicrograph Under Conical Lilumination of Etched Chrome-lror 
Alloy, Showing Hard Carbide Standing in Relief in Eutectic Which Forms the Grai 
Boundaries. (x 250, 16 mm. objective, 6.4 x eyepiece.) Compare with Fig. 9. 


vertical illumination. In other words, the view obtained by ordi- 
nary oblique light is the negative to the positive appearance ob- 
tained from ordinary vertical illumination. 

Conical oblique light, on the other hand, does not give this 
negative appearance. The rays of light in this case are more 


nearly parallel to the optic axis and, therefore, are reflected back 


through the objective from plane surfaces, making them appear 


bright, as with so-called vertical illumination, and imparting a 
natural relief effect to the appearance. 


CONICAL ILLUMINATION ADAPTED TO HIGH POWER 


Resolution, which is the optical quality of differentiating or 
distinguishing as such two lines which lie side by side, is directly 
proportional to the numerical aperture of the objective. In gen- 
eral, the greater the aperture, the more resolution attainable. Also 
the greater the aperture, the more oblique are the outer rays in 


the light cone, between the objective and object. It is also ev! 
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Fig. 9—-Photomicrograph of the same Field as Fig. 8, Also Unetched, but taken 


with Vertical Ullumination. Note absence of Relief in Fig. 9. (x 250, 16 mm 
objective, 6.4 x eyepiece.) 


Fig. 10—Photomicrograph of Unetched Chrome-Iron Alloy ot 
High Carbon Content Under Conical Illumination (x 500, 4 
mm. objective, 6.4 x eyepiece). 








TRANSACTIONS Ol 


150 IMERICAN SOCIETY TOR STEEL TREATING Aug 








Fig. 11—Photomicrograph of Chrome-lron Alloy Under Conical 
men Unetched, Structure Being Revealed by the Method 
objective, 6.4 x eyepiece). Compare Fig. 12. 


Illumination, Spec 
of Lighting (x 100, 16 mn 


dent that immersion oil will increase the obliquity of the extreme 
rays because its index of refraction is greater than that of air. 
As the method of conical illumination depends for its effects on 
the obliquity of the light passing through the objective, it follows 
from the above optical considerations that it is particularly adapted 
to high power work. 
ILLUSTRATIONS AND APPARATUS 

The accompanying micrographs will illustrate the method in 
its application to low and high power objectives. They were taken 
with a Bausch & Lomb inverted metallurgical microscope and 
camera mounted on a horizontal bed. A Wratten B filter was 
used in conjunction with a direct current are for illumination 
Achromatic objectives and TIluygenian eyepieces were used in 


all cases. The photographic plates were standard orthonon. 
AN OpticaL ILLUSION 


With few exceptions the micrographs shown here, which were 
l Stay 


taken by oblique conical illumination are orientated the same with 





we 
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Fig. 12—Photomicrograph of the Same Field Shown in Fig but Under Vertical 
Illumination. The Structure is Hardly Visible Owing to the Al of Rehet ( 100, 
16.0 m.m, objective, 6.4 eyepiece.) 


respect to the direction of light used in) photographing which 1s, 
with respect to these pages, downward from left to right, at an 
angle of 45 degrees. The left side of elevations and the right 
side of depressions will then appear bright. ‘The sense of sight 
is very easily deceived, however, and unless the direction of light 
used in photographing is known, it is impossible to tell, in_ the 
case of unknown structures, whether the appearance is real or an 
usion. It will aid in avoiding the illusion if the light used in 
examining the micrographs be a strong one and have the same 
direction as that used in photographing. 

One of the exceptions in orientation mentioned above is lig. 
SR which, when compared with Fig. 5 under a strong light from 
the upper left illustrates the illusion referred to. Under this con 
dition of lighting most observers see Fig. 5R as the inverse of 
lig. 5. The reason for this is that while the fields are orientated 
the same the direction of light was reversed in Fig. 5R. What 
are elevations in one seem to be depressions in the other. Turn- 


ing the pictures upside down or allowing the light to come from 


lower right usually inverts the appearance of both pictures. When 





a 
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Fig. 13—Photomicrograph cf Etched Complex Alloy Under Conical Illumination 
(x 2000, 1.9 mm. objective, 6.4 x eyepiece). 


one is familiar w-tlr a particular structure the illusion rarely oc 
curs irrespective of the direction of light used in photographing 
relative to that illuminating the picture. The illusion may also 
manfiest itself while an object is being examined through the 
microscope, but only rarely with known structures or when a 
known detail such as a polishing scratch is visible in the field. 

The point to be emphasized in connection with conical illumi 
nation is that in interpretation of structure, it is dangerous when 
examining an unknown structure to rely on appearances. [or 
correct interpretation, the direction of illumination must be known. 
the facts of relief must then be deduced. If the appearance co 
incides with the deduction, it is real. If it does not, it is an il 
lusion. When this process has been applied to a view which per 
sists in being an illusion, it will suddenly invert and present the 
true appearance. 








ILLUMINATION 


‘notomicrograph of the Same Field as Fig. 13 Under Vertical Hlumination 
(x 2000, 9 mam, objective, 6.4 x eyepiece.) 


VALUE OF POLISHING SCRATCILES 


Because of the foregoing when examining an unknown struc 


ture, 1f this illusion proves confusing, it 1s advisable to analyze 


the structure with reference to a known surface detail such as 
a polishing scratch. If a scratch is large enough or under sufficient 
magnification it serves as a criterion to determine whether the 
illusion is present Reference to Fig. 5 and 7 will make clear 
the use of a scratch in determining the direction of the light. Fig. 
/ is a profile across the scratch at AA. From Fig. 5, it will be 
seen that the left side of the seratch is darker than the right, 
hence the light is coming from left to right as shown by the ar- 
rows in lig. 7. 

Incidentally, polishing scratches will be found to be of ma- 
terial assistance in determining structural characteristics, as for 
example, relative hardness and malleability of microconstituents. 
This application is brought out in Fig. 5, 8 and 10. 





a ee 





TRANSACTIONS OF 


154 AMERICAN SOCIETY FOR STEEL TREATING Ay 





Fig. 15—Photomicrograph Under Conical Illumination of the same Field as Fig. 


but at Lower Magnification. Angular Areas are Depressions, Rounded Patches ar: 
Raised. The Inverse Appearance is an Illusion. The Diagonal Line is a Polishing 
Scratch (depression). (x 2000, 1.9 mm. objective, 10 x eyepiece.) 


PRACTICAL APPLICATION 


The specimen shown in Fig. 10, is an alloy of 32.0 per 
cent chromium, 65.0 per cent iron and 3.0 per cent carbon, well 
known for its resistance to abrasion and its ability to withstand 
oxidation at elevated temperatures. The reason for the first quality, 
as clearly shown in Fig. 10, is the presence of a very resistant 
constituent held in a softer matrix. The hard constituent polishes 
in relief (the micrograph is of the unetched specimen) and even 
resists the abrasive particle which made the deep interrupted diago 
nal scratch across the field. Under vertical illumination, merely a 
faint tracery is visible with no relief and the specimen must be 
etched to reveal the structure. After etching, the scratch is no 
longer visible. Fig. 11 (100 unetched) illustrates the same 
combination of hard and soft constituents but in different pro- 
portions. Tig. 12 is of the same field as Fig. 11, but was taken 
with ordinary, so-called vertical illumination. 
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Fig. 16—Photomicrographs of 1.5 per cent Carbon Steel Showing Both Spheroidized 
and Lamellar Pearlite, under Oblique (conical) Illumination. Etched with 5 per cent 
Picric Acid in Alcohol. (x 2000, 1.9 mm. objective, 10 x eyepiece.) 


Mope or DISCOVERY 


Another interesting feature attending the use of oblique light 
ing is to be noted in Fig. 11, namely, the appearance in the same 
micrograph of structural details and nonmetallic inclusions. ‘The 
usual method of developing structural details by etching, may 
mask or obliterate nonmetallic inclusions. In fact, it was in an 
effort to find some means of bringing out structure without ob- 
literating inclusions that the method described was found. ‘This 
application is brought out perhaps even more clearly in Figs. & 
and 9 (250 unetched) which are of the same material but 


at a higher magnification. 
MetHop ILLUSTRATED 


hig. 10 (500, unetched) has already been referred to. 
In this case, etching would undoubtedly develop the finer struc- 
tural details to a greater extent. It will be noted in this and 
other examples that the magnification must be properly chosen to 
ht individual requirements. 

hig, 13 and 14 (2000, etched) are of a different ma 
terial at higher magnification, as is also Fig. 15 (2000, etched). 
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Fig. 18—Photomicrographs showing Grain Boundaries in Ferrite. 
Shows the Same Field under Conical Illumination from Four Directions 
by Arrows. (x 500, 4 mm, objective, 6.4 x eyepiece). 


this Figure 
as Indicated 


Incidentally, the angular material in Fig. 15 has been proven, by 
focussing measurements, to be actually deeply recessed by etching. 
This corroborates the evidence furnished by the scratch which runs 
diagonally across the field in Fig. 15, 1e., the field was lighted 
from the left and, therefore, the light colored areas, whose west 
slopes are lighted and whose east slopes are shaded, are pla- 
teaus. Likewise the angular areas, whose west sides are shaded 
and whose east sides are lighted, are hollows, etched out. 

Fig. 5, 5R and 6 (4000, etched) are of the same field 
as Fig. 15 but at twice the magnification. No advantage is de- 
rived from the higher magnification. It is apparent, however, 
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that magnification is no obstacle to this method. Fig. 5 and 5R 
have already been discussed, their purpose being to illustrate the 
optical illusion referred to. 

Fig. 16 and 17 (2000, etched) illustrate the familiar 
structure of pearlite but the combination of lamellar and spheroi 
dal pearlite in the same field is rather unusual and offers a good 
subject to illustrate the advantage of conical over vertical illumi 
nation, as regards realism and attractiveness. The appearance 
of the iron carbide, cementite, standing in relief (Fig. 16) sug 


gests this method as a means of distinguishing it from ferrite in 


erain boundaries instead of the usual treatment with sodium pic 


rare. 


Fig. 19—Photomicrographs Showing Slip Lines and Grain Boundaries in Ferrite 
This Figure Shows the Same Field Under Conical Ilumination from Four Directions 
as Indicated by Arrows. (x 1000, 1.9 mm, objective, 6.4 x eyepiece.) 
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Fig. 20—Photomicrographs of Ferrite Grains under Conical WUlumination fron 
Opposite Directions as Indicated by the Arrows. Note “Step” and “Ditch” Type 
of Grain Boundaries. (x 500, etched, 4.0 mm, objective, 6.4 x eyepiece.) 


GRAIN BOUNDARIES UNDER CONICAL ILLUMINATION 


In the introductory remarks of this paper the nature 
of grain boundaries was referred to. In the case of a pure metal, 
or of a solid solution, it has been inferred by some from focuss- 
ing measurements that the surfaces of individual grains etch to 
varying depths owing to the differential existing between the 
rates of attack along different crystallographic axes. From this 
it is commonly conceded that black lines representing grain bound- 
aries are really steps from one grain level to another. If this 


needs corroboration, it receives it from examination of grain bound- 


aries under conical illumination. In Fig. 18 is shown the appear 


ance of grains of ferrite etched with picric acid in alcohol, strained 
by compression, and magnified 500 under conical illumination. A 
similar series, taken with oil immersion objective (1000) of a 
different field, is shown in Fig. 19. 

The difference between the photomicrographs in Fig. 18 and 
19 illustrates an interesting application of conical illumination 
similar in effect to that produced under ordinary oblique light 
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(a) Inclined grain boundary. 


(b) Grain edge etched awd y. 


| DITCH 
\ 
} 


Combination (a) and (ob). 


Resistant (amor phous) 


material between grains. 


Same as(f). 


Ridge deposited 
during etc hing. 


lig 1—Diagrams of Types of Grain Boundarie in Ferrite Horizontal Broket 


Lines Represent Original Polished Surfaces before Etching Inclined Broken Line 
Represent Grain Soundaries Below the Surfaces. Solid Lines Represent the Etched 
Surfaces. Hatch Lines Indicate Difference in Orientation between Adjacent Grains 


by rotating the specimen. In the present case, the direction of 
illumination was changed in 90 degree steps. Thus, in the left 
hand photomicrograph the direction of the light for photographing 
was, with respect to these pages, horizontally from right to left; 
that for the upper photomicrograph was vertically upward; for 
the right hand photomicrograph horizontally from left to right, 
for the lower photomicrograph vertically downward. Knowing 
the direction of illumination, it is easy to tell by inspection, the 
relative elevations of the grains. 


In addition to corroborating the step theory of grain boun- 
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daries, several other features are revealed by these illustrations 
Referring to Fig. 18, (upper and lower photomicrographs), th 
short horizontal grain boundary in the top center is evidently a 
ridge, for in the upper photomicrograph, its lower slope is lighted 
and its upper is dark, while in the lower photomicrograph, the 
reverse is true. Furthermore, the curving grain boundary in the 
center of the figure will be seen, at its horizontal sector, to be a 
combination of ridge and step. <A third type of boundary is seen 
in Fig. 19 (right hand and left hand photomicrographs). The 
boundary between the central and lower left hand grains is evi 
dently a ditch, both grains being at the same level. This type is 
more clearly shown in Fig. 20, showing Norway iron magnified 
500 diameters. In this pair of photomicrographs, the particular 
boundary which illustrates the ditch type is the vertical one ai 
the lower left of the field. In the left hand photomicrograph, 
lighted from the right, the left side of the boundary is_ bright, 
while in the right hand photomicrograph, lighted from _ the 
left, the right side is bright. By the same process, the parallel 
boundary in the center is seen to be a step, that is, the left central 
grain is higher than the right central grain. 

An interesting etching phenomenon is to be seen in_ these 
two micrographs for which no explanation seems satisfactory. It 
will be noted that the left central grain is pitted while its neighbor, 
at a lower elevation, is pebbled. The writer has observed this con 
dition to be consistent, that all grains which have been etched 
below their neighbors have pebbled surfaces while the higher ones 
are pitted. 

Without digressing too far it may be worth while to mention 
some observations which have been made with the aid of coni 
cal illumination on the nature of grain boundaries. These ob 
servations by no means clear up the questions involved in this 
connection. Indeed they probably will complicate the present hy- 
potheses. For example, does a ridge at a grain boundary indi- 
cate a more resistant material or does it indicate deposition dur- 
ing etching? And why are ridges not evident at all boundaries (of 
the same material) ? 

Fig. 21 depicts various types of grain boundaries observed 
under conical illumination in very mild steel. An attempt is made 


by dotted lines to reconstruct the grains, as they were before etch 
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ng, and to indicate the continuation of boundaries below the sur- 
face. The unshaded portions represent metal removed by etching. 
[t is thought that these sketches will be suggestive in themselves 
of various possibilities in the way of explanation. 

Practical advantages of the method suggest themselves con 
tinually, not the least of which the writer has found to be the 
sense of pleasure and lack of fatigue attendant upon its use. 
Without doubt, this is the consequence of viewing objects in the 
microscopic field in their natural relationships. 

In conclusion, the writer takes this opportunity to acknowl 


edge his indebtedness to Dr. Ancel St. John for much helpful 


discussion and particularly for his suggestion of the term “conical 
illumination”; likewise to Dr. Thomas W. B. Welsh for helpful 


criticism in connection with the optical analysis of the subject; 


also to W. P. Melville for many suggestions and for the prints 
which accompany this article. 
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ABNORMAL GRAIN GROWTH IN COLD ROLLED LOW 

CARBON STEEL 
By Victor E. Hillman and Frederick L. Coonan 
Abstract 
This paper reviews the research work conducted in 

determining the factors and conditions causing abnormal 
gram growth in steel, resulting from annealing critically 
cold-rolled low-carbon _ steel. The four principal ; 
factors are carbon content, critical strain, temperature 


and time. The results show that a draft of 7.3 to 1 
per cent should be avoided in cold-rolled stecl used foi 
vital parts. 


INTRODUCTION 


HE object of this research was to inquire into the under 

lying principles governing crystallization. The term “cry 
stallization” as hereinafter used refers to that grain growth 
which is disclosed in low carbon steel when the metal is sub 
jected to a certain degree of strain and temperature. In metal 
lurgical parlance, this phenomenon is known as “Stead’s brit 
tleness.” 

In 1898, Stead discovered the presence of enormously large 
grains in soft steel. He found that if low carbon steel is sub 
jected to a definite strain, and subsequently annealed at a tem 
perature below the Arl point, the ferrite grains undergo a 


marked crystalline transformation. ‘That is to say, the adjoin 
ing ferrite grains merge to form a large grain. ‘This coarse 


structure 1s decidely detrimental to steel, causing the metal to 
suffer a noticeable decrease in its elastic limit, elongation, re 


duction of area, and fatigue resisting qualities. 


FAacToRS AFFECTING GRAIN GROWTH 


At the outset, it may be well to state that grain growth ts 


a function of four factors; namely, carbon content, critical 


A paper to be presented before the annual convention of the Society 
to be held in Pittsburgh, October 8-12, 1923. Of the authors, V. FE 


Hillman is metallurgist and F. L. Coonan is assistant metallurgist with 


the Crompton & Knowles Loom Works, Worcester, Mass. Written discus 
sion of this paper is invited, 









“in, temperature, and time \uthors disagree to a shght 


fent as to the maximum percentage ot carbon which wall 








1} 


restall ervstallization. Some metallurgists claim that it can 


© Pastime 


he developed in steel containing more than O.15) per cent 


Benner elas 


rbon, while others contend that the phenomenon continues to 
manifest itself until the carbon is in excess of OLS per cent 


Ilowever, such subtle distinetions are merely of passing iter 










i eSt. 


: ; 
The development of critical strain ts dependent upon. the 
expenditure of energy. lt is immaterial what agency is em 


nloved. In faet, any force that causes the ferrite grains to a 











} ° . ° 

; ume the same orientation, supphes the first requisite tor gram 
erowth. Therefore, when low carbon steel is cold rolled, suth 
A cient pressure Wey be exerted to produce critical Strain. (1) 


ubsequent annealing, crystallization will result: providing the 


operation is conducted at a specified temperature slightly below 


i 
F the Arl point. Tlence, the aim and purpose of this investiga 
tion was designed to serve a triple purpose; first, to ascertain 
F the degree of draft in cold rolling which will produce critical 


train, second, to determine the temperature range ino which 






erain growth becomes apparent, third, to decide what influence 


various percentages of carbon exert on the mechanism of grain 







IC \ elopment. 


Chis research required three grades of basic open-hearth 


tee!, namely, O.OS per cent carbon; O.10 per cent carbon; and 










0.13 per cent carbon, with the other elements normal Previous 
to the application of cold work, the steel was annealed for the 
purpose of relieving such strains as might have been induced a 


a result of hot rolling. 





ProcepURE—O.OS Per CENT CARBON STEEL 













\ strip of stock—4 feet long by 6 inches wide was given a 
pass through a mill of the ordinary cold rolling type. ‘The 
metal suffered a reduction in thickness of 2 per cent A test 
pecimen 7 inches long by 6 inches wide was cut off for ex 
perimentation. ‘The remaining product was again reduced in 
thickness 3.5 per cent, whereupon another sample was procured. 


mae 
(his scheme of procedure was continued until samples repre 
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senting the following reductions in thickness were obtained 
namely : 


Reduction Reduction Reduction 

per cent per cent per cent 
2.0 15.0 61.0 
3.5 19.0 66.0 
4.0 21.0 O8.0 
5.0 29.0 72.0 
7.5 35.0 75.0 
8. 40.0 77.0 
10.0 48.0 80.0 
14.0 58.0 


This method of procedure produced 23 samples representa 
tive of various degrees of cold work. It was reasonable to as 
sume, therefore, that some of the specimens had been critically 
strained. The 23 specimens were annealed at 1250 degrees 
Fahr., for a period of 8 hours. The reason for selecting this 
temperature will be hereinafter noted. Micro-examination re 
vealed full and complete grain growth in the specimen which 
received a 7.5 per cent reduction in thickness. In the section 
reduced 10 per cent a few large crystals and a semi-growth 
were detected. The character of the latter structure resembled 
a transition stage. Similar features were observed in the speci 
mens which had received a draft of 14 and 15 per cent. 

Observations point to the conclusion that as the degree o! 
draft approaches 15. per cent there appear (at 7.5 per cent re 
duction) very large grains, second, (at 10 and 14 per cent re 
duction) semi-growth and finally, as the strain exceeds the 
“critical” (15 per cent reduction) the grains revert to the 
characteristic structure of an anneal below the Arl. Therefore, 
the critical strain occurred within a reduction range of 7.5 to 
15 per cent inclusive. It is to be noted, however, that the 
maximum crystalline growth occurred at 7.5 per cent reduc 
tion. 


The specimens which were reduced, 


Per Cent Per Cent Per Cent 
19 48 
21 58 75 
2Y 61 77 
35 606 80 


40 72 


~ 
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leveloped no increase in grain size. Hence, these specimens 





vere strained beyond the critical point. It might be said that 






i they were over-strained. By the same token, the specimens 
i which were given a draft reduction of 2, 3.5, 4 and 5 per cent 






may be designated as understrained, for the reason that crystal 






line growth did not develop during the thermal treatment. 













TEMPERATURE RANGE—PRODUCTIVE OF CRYSTALLINE GrowrTt 
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Abnormal grain growth in critically strained steel is con 
: fined to definite temperature limits below the Arl point. More 
j over, carbon plays an important role in regulating this growth 
producing temperature range. Observations pointed to the fact 
that as the carbon content of the steel approached 0.15 per 
i cent the temperature range in which coarse crystallization oc 
i curred was confined to narrower limits. 






lor the purpose of determining the extent of this variance, 





three grades (0.08, 0.10 and 0.13 per cent carbon) of critically 





strained steel were annealed at the following temperatures for 






S$ hours: 











Degrees Fahr. Degrees Fahr. 
1150 1400 
1250 1450 

1500 











In the 0.08 per cent carbon steel, a slight degree of coarse 


crystallization was in evidence in the specimens annealed at 






1150 degrees Fahr. Complete growth occurred at 1250, 1300. 
1350, 1400 and 1450 degrees Fahr., whereas, at 1500 degrees 


Mahr., no growth was discernible. ‘Therefore, the growth pro 







ducing range is between 1150 and 1450 degrees Fahr. for an 
0.08 per cent carbon steel. 





In the 0.10 per cent carbon steel, grain growth occurred at 
1250, 1300, 1350, 1400 and 1450 degrees Fahr., whereas in the 
V.13 per cent carbon steel, coarse crystallization took place at 
1300, 1350, 1400 and 1450 degrees Fahr. Ilence, the growth 
producing temperature range for 0.10 per cent carbon steel lies 
between 1250 and 1450 degrees Fahr., while on the other hand. 
the development range for a 0.13 per cent carbon steel is be 
tween 1300 and 1450 degrees Fahr. 
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Fig. 1—Photomicrograph of Annealed 0.03% Carbon Ste el Before Cold Wo 
or Heat Treating. Fig. 2 Photomicrograph of 0.08% Carbon Steel Afte: 
Reduction by Cold Work Fig, 


Cold Reduction of 66%. Fig 4 


al 
3—Photomicrograph of a 0.08% Carbon Steel Ait 
Photomicrograph of 0.08% Carbon Steel Annealed 
1250 degrees Fahr. for & hours atter a Cold Reduction of 7.5%. This Enormous (it 
Growth was Developed by ling, Fig. 5 Photomicrograph of 0.08% 
Steel Annealed for 8 hours at 50 degrees ‘Fahr. after a Cold Reduction 
All Photomicrographs 100, 


€ 





‘ 
NT a a 


GRAIN GROWTH 


METALLOGRAPIIIC) OBSERVATIONS 
Photomicrograph, lig. 1, shows a specimen of annealed 
0.08 per cent carbon steel. It will be noted that the pearlitic 
particles show no evidence of cold work. Moreover, the ferrite 
grains are equi-axed. 

Fig. 2 shows the effect of cold rolling a 0.08 per cent car 
hon steel. The specimen received a reduction in thickness equi 
valent to 7.5 per cent. This specimen was critically strained 
Che elongated grains are especially noticeable in the pearlitic 
areas. Note particularly the appearance of the metal in the 
“as-rolled” condition, free from heat treatment. 


Photomicrograph, Fig. 3, shows the effect of excessive cold 


work on 0.08 per cent carbon steel, in which a reduction in 


thickness of 66 per cent has been effected. The highly strained 
condition of the metal is plainly evident, the crystals being 
elongated in the direction of rolling. ‘The specimen has been 
strained beyond the “critical,” and the crystals have assumed a 
ropey appearance resembling fiber. lence, annealing within 
the danger zone (1150—-1450 degrees Fahr.) 


will not develop 
crystalline growth. 


The microstructure of a 0.08 per cent carbon steel which 
has been cold rolled to a reduction in thickness of 7.5 per cent 
is shown in Fig. 4. The specimen was annealed for & hours at 
1250 degrees Fahr. The photomicrograph shows the enormous 
grain growth, which thermal treatment developed. It should be 


borne in mind, however, that a critical strain (namely 7.5 per 


cent draft) was a pre-requisite to the creation of this struc 
ture. 
lig, 5 shows the microstructure of 


a 0.08 per cent carbon 
steel cold rolled to a 14 per cent draft. 


This specimen was an 
nealed at the upper limit (1450 degrees Kahr.) of the danger 
zone for 8 hours. The photomicrograph (lig. 5) shows a 
transition stage in the specimen as evidenced by the 
growth of the crystals. They are 
nor minute. 


sem} 


neither excessi\ ely large 


Photomicrograph, Fig. 6, is that of 


a O.OS pe cent carbon 
teel having had a 66 per cent draft and then annealed within 
the hazardous range, namely 1250 degrees Fahr. for 8 hours. 


It will be observed that no grain growth has taken place. This 
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Fig. 6—Photomicrograph of 0.08% Carbon Steel 
degrees Fahr. After a Cold Reduction of 66%. 
Normal while the Pearlite Remains 


Annealed for 8 hours at 125! 
Ferrite Particles are Returning t 
Elongated. Fig. 7—Photomicrograph of 0.08% 


Carbon Steel Annealed 8 hours after a Cold Reduction of 7.5%. Apparently the Meta 
has been Subjected to an Inequality of Pressure. Fig. &8—Photomicrogravh of 0.08% 
Carbon Steel Critically Strained (14%) Annealed 


at 1500 degrees Fahr. for 8 hours 
Fig. 9—Photomicrograph of 0.15% Carbon Steel Annealed at 1250 degrees Fahr, atte! 
a Cold Reduction of 14%. All Photomicrographs x 100, 
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steel was annealed at a temperature which would have de 


veloped crystalline growth if the metal had been critically 


strained. ‘The only influence which the thermal treatment 


exerted on this specimen was to convert the elongated ferrite 


‘ 


areas to their former equi-axed condition, Phe pearlitic parti 
cles remain unattfected \ similar structure was observed in 


specimens which were reduced in thickness as follows: 


Per Cent Per Cent 
19 48 
21 
29 
35 


40) 


Per Cent 


fig. 7 shows an interesting side light on the develop 
ment of crystalline growth in a 0.08 per cent carbon steel which 
was reduced in thickness 7 per cent, and annealed at 1250 de 
grees Fahr. for 8 hours. Apparently, the metal has been sub 
jected to an inequality of pressure. 


The explanation of this erratic performance may be attr 
buted to the fact that the force of cold rolling was not sufh 
ciently uniform to cause all of the grains to become critically 
strained. It may be remarked that where a specimen receives 
a tapering deformation, there always exists a sharp line of de 
marcation differentiating the critically strained from the under 
strained grains. 


Photomicrograph, Fig. 8, shows a 0.08 per cent carbon steel 
critically strained (14 per cent) and annealed at 
ahr. for 8 hours. Although the metal has been critically 
strained, crystalline growth failed to develop because the metal 


1500 degrees 


was subjected to a temperature beyond the upper limit (1450 
degrees Fahr.) of the hazardous zone. 


Mig. 9 is a photomicrograph of a specimen of 0.15 per cent 
carbon steel cold rolled to 14 per cent reduction in thickness, 
annealed at 1250 degrees Fahr. for 8 hours. It will be observed 
that the metal contains a relatively large percentage of pearlite. 


Che presence of this microconstituent stands in the way of the 


lerrite grains and prevents them from merging to form crystal 
line growth. 
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CONCLUSIONS 


ln formulating a summary of this work it has been sul 

divided into 5 parts. 
|. The degree of draft which will produce a critica 

strain in cold rolled steel occurs when the metal receives a re 
duction in thickness of 7.5 to 15 per cent inclusive. 

Il. In critically strained cold rolled steel the growth 
producing range is between 1150 and 1450 degrees Fahr. 

Ill. The aforementioned temperature limits vary accord 
ing to the carbon content of the metal, namely ; 


Carbon Temperature 
per cent degrees Fahr. 
0.08 1150-1450 
0.10 1250-1450 
0.13 1300-1450 
IV. A draft of 7.5 to 15 per cent should be avoided in 


cold rolled steel which is used for vital parts. ‘This procedure 
will prevent crystalline growth in the event that the parts are 
subjected to service temperatures which lie within the danger 
zone (1150 to 1450 degrees Fahr.). 

V. Increasing the carbon content of the metal beyond 
0.18 per cent will effectively prevent crystalline growth re 


gardless of the degree of strain or temperature. 
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CARBURIZATION OF STEEL 
By B. F. Shepherd 


d lbstract 





This paper specifically studies the continued use of 
rburising compounds as tt affects the character of the 
ase produced. The influence of increased carburizing 
temperature, the effect of time variation, the influence 

time and temperature upon the character of the case 
and the relationship in carburized and hardened chrome- 
vanadium steel between scleroscope hardness, carbon con- 
tent and penetrability as measured by the Brinell method 
it different sones m the case, is studied in detail. Nuim- 


crous curves and data sheets accompany this paper. 


INTRODUCTION 
















\RBURIZATION, cementation or case-hardening is the 
term used for any method of increasing the carbon con- 
tent of a piece of iron or steel, without melting it. The action 
‘es place with the greatest intensity on the surface, gradually 
rming an outer zone or case which becomes wider as the ab- 
sorption of carbon continues. Two distinct applications are made 
| this phenomenon, one called total cementation, when the piece 

completely changed to a high carbon steel, and the other 
partial cementation. In the latter case, the carburizing action is 
checked or stopped when the zone or case, is of the desired 
depth and carbon content. The former is used for the manufac 
ture of special quality high carbon tool steel and the latter with 
hich we are principally interested’ for the heat treatment of 


ichine parts, to withstand difficult service conditions. 


HISTORICAL 





lhe first mention of the carburization of iron or steel was 
lished in the year of 1540, the method described, consisting in 
ing billets of soft iron for a long period of time in molten 
\ paper presented before the Eastern Sectional meeting of the Society, 


chem, Pa., June 14, 1923. The author B. F. Shepherd is in_ the 
irgical department of the Ingersoll-Rand Co., Phillipsburg, N. J: 
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cast iron. The soft iron, being much. lower in carbon co: 
than the cast iron, absorbed carbon from it. 

In the sixteenth century many processes were used for 
superficial or surface hardening of finished objects. During { 
period the process was applied to transforming iron into steel wh 
was later forged to shape. The ‘secret formulas’ for these | 
cesses were handed down from father to son, and it was not unt 
1720 that the French scientist Reaumer made a scientific 
vestigation of the process. In 1740, Benjamin Huntsman melted 
in a crucible, Swedish bar iron which had been increased in carbo 
by cementation, and produced a high grade steel. Other methods 
of manufacturing steel at lower prices gradually forced this pro 
cess from the market, but it is still used in a very small extent 
in England. : 


GENERAL 


Owing to the difficult service requirements to be met by modern 
machinery, the use of case-carburizing as a method of heat treat- 
ment has increased very materially. The process creates a steel 
capable of being made extremely hard and wear-resistant on the 
outside and having a strong, tough, inner portion or core. This 
type of structure is suitable for parts which are required to stand 
considerable shock and friction. Parts which are required to be 
hardened only on portions of the total area may be rough machined 
and carburized and the higher carbon regions removed, by machin- 
ing it from the areas which are desired soft. The added advantage 
of being able to machine a softer and cheaper material and subse 
quently making it surface hard by carburizing, materially lessens the 
cost of the part. Engineers often lose sight of the problems en- 
countered in the heat treating department and design parts oi 
complicated form which are to be hardened on the surface. li 
these parts are made of high carbon tool steel, the hardening 
operation usually becomes hazardous due to the tendency of 
complicated sections to crack during the quenching operation 
The use of a carburizing steel makes the operation less hazardous 
from the standpoint of tool breakage. 


Carburization depends upon the ability of iron and steel to 
absorb carbon when heated in contact with a carbonaceous ma 
terial. The primary factors which influence the results are, 
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the length of time the piece is exposed to the temperature, the 
temperature, the carburizing material, and the composition of 
the steel. As a general rule, the higher the temperature and 
the longer the time, the deeper will be the case. 

The carburizing steels in general use are selected according 
to the service requirements of the parts which are to be made 
from them. The selection of these steels should be studied very 
carefully. The carburizing process cannot remove imperfections, 
irregularities or faults in the steel. It will magnify them. As a 
veneral rule parts should not be made of a carburizing steel if it 
is possible to obtain satisfactory service from an oil or water 
hardening steel properly heat treated. The equipment needed 
for the carburizing operation, the materials used, the time con- 
sumed and the careful supervision required cause 
and overhead charge resulting in an increased cost 
part. 


a heavy labor 
of the finished 


The type of steel, the heat treatment which the part is to 
receive, and the machineability of the steel are of considerable 
importance. Several well known types of steel should be adopted 
as standard. It is usually desirable that these should conform 
to the specifications of societies such as the Society of Automotive 
Engineers and the American Society for Testing Materials. In 
some special cases it may be necessary to specify a_ special 
analysis steel, but adherence to a few standard steels will result 
in better service from the steel manufacturer when business is 
booming and steel is hard to obtain. It also means that less steel 
will be required for stock purposes as the sizes for the various 
parts will duplicate and a smaller quantity in stock will meet all 
demands. A better knowledge of methods of handling in the 
heat treating department will result, as familiarity with certain 
well known types increases. 

Each type of steel should be procured from several manu- 
tacturers, and after experience has shown the quality which 
each has furnished they should be graded and purchased ac- 
cordingly. The steel, when received should be carefully inspected 


ior chemical composition, surface, size, seams and_ occasionally 
fracture and micro-structure. 


CARBURIZING MATERIALS AND METHODS 


The method of carburization varies with the cement or 
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carburizing compound used. The different types of 


carburiz 
compounds may be roughly classified as solid carburizers, wh; 


represent the great bulk of commercial carburizers; liquid ¢- 


burizers, gases and mixed cements. The latter term is used 


Giolitti and consists of a combination of carbon monoxide 


Pas 
charcoal. 


The solid cements are usually granulated materials such 
wood charcoal, raw bone, charred bone, bone impregnated \ 
oils, charred leather, coke and coal compounds impregnated 
an energizer. Liquid cements are usually molten cyanogen sal 

The purpose of this paper is to discuss the results of « 
tain tests made upon several commercial solid carburizing co 
pounds for the purpose of ascertaining and correlating certain ( 
which are factors surrounding the carburizing operation. Th 
data have been illustrated, mainly by carbon concentration 
grams and also show the difference in characteristics, weight, c 
etc., of eight different commercial compounds. The factors’ studi: 
are: 

1. The effect of continued use of the compounds under t 
upon the depth and character of the case produced in a chroni 
vanadium steel. 


2. The influence of increased carburizing temperature uj) 


the depth and character of the case produced in the same 1) 
steel by these compounds. 

3. The effect of variation in time upon the depth 
character of the case- produced by a commercial compound 
two steels, a simple carbon and a chrome-vanadium steel. 

4. The influence of time and temperature upon the dept 
and character of the case produced by a shop mixture of a wel 
known commercial compound on a chrome-vanadium steel. 

5. The relation in a hardened chrome-vanadium steel |» 
tween scleroscope hardness, carbon content and penetrability 
measured by the Brinell method at different zones in the cas 

6. The depth and character of case produced in a chrom: 


nickel steel as compared with a chrome-vanadium steel. 
PROCEDURE 


The method of procedure employed is as follows: ‘The t 


pieces for each series run were 5 inches long and from the sai 
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if steel. The bar was a 2!4-inch round and the test pieces 
machined and finished to 2 inches round, by grinding. 


short stocky bar minimized the possibility of distortion and 


Fig. 1——Type of Carburizing Box Used in these Tests 


the large diameter gave a sample with an 0.005-inch cut. sufh- 
iently ample to permit of a representative chemical determina- 
tion. The pieces were packed with a !'!, cubic foot, loose 
leasurement, of compound in an alloy carburizing box 12'%x 


x/ inches deep inside dimensions, the recessed lid of the box 


eing luted with clay. The type of box used is shown in Fig. 1. 


ight hours were taken to heat the boxes through to 1600 
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degrees Fahr., other temperatures in proportion. When 
boxes were held for the number of hours noted, they were 
moved and allowed to cool in the atmosphere. The temperatu 
was measured with a standardized potentiometer recorder, |, 
to within plus or minus 15 degrees Fahr. and checked during 
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Fig. 2—Shows the Difference in Weight and Cost of Eight Different Commer: 


Carburizers Together with the Loss of Compound Obtained in Three Runs of 24 H 
Each, 


run with a portable potentiometer. An additional thermocouple was 
in the furnace during the entire period of the heat, spaced 4 to 5 
feet from the first thermocouple, this being used to check the un 
formity of the furnace temperature. The furnace was fuel oil-fired 
and of a construction which ensured uniform heating of the 
boxes which were carefully spaced on and held off of the furnac« 
hearth by legs 1% inches high. 


Weicut, Cost AND SHRINKAGE 


Fig. 2, shows the difference in weight and cost of eight 
different commercial carburizers together with the loss of com 
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ound obtained in three runs of 24 hours each after heated 
through at 1600 degrees Fahr. 

lhe lower set of figures show the great difference existing 
n the specific gravity of commercial compounds. As _ these ma- 
terials are purchased by weight and used by volume the lightest 
compound will be the cheapest as it will fill more boxes. Of two 
compounds having the same carburizing properties, price and 
specific gravity, the one which does not settle excessively when 
packed will be the cheapest. Compounds which settle excessively 
when packed must be used carefully or part of the work may 
be uncovered when the box is placed in the furnace. 

The middle set of figures shows the relation between the 
initial price, the price per cubic feet and the cost of the material 
lost by shrinkage during three runs. Compound “S” was_ the 
cheapest compound although the specific gravity was about the 
same as compounds “A” and “B.” 

The initial low price of this material was not made without 
reason, as the carbon concentration curves show it to be very er- 
ratic and to actually produce decarburization in one run, It is a 
cheap coke-charcoal compound, impregnated with energizer and 
made to sell. Compound “A” is lighter than “B” and has ap- 
proximately the same percentage increase in weight when packed. 
The difference in weight brings the price per cubic foot very close 
to that of “B.” 

The influence of the increase in weight when packing a 


“99 


compound is seen in the comparison of “C” and “Q.” The latter 
has the highest price per ton but is also the lighter and comparison 
on this basis makes it the cheaper, i. e., $1.58 for “C” against 
$1.49 for “Q.” It has a larger increase in weight when packed 
and this causes the costs to be reversed and the compound with 
the low percentage of weight increase is found to be the cheaper 
of the two, i. e., $1.62 for “C” against $1.70 for “Q.” The 
influence of weight of the compound is seen in the heavier com- 
pounds showing that the market price is not an indication of the 
cost as used. 

A comparison of the shrinkage data or loss of compound 
seen in the top set of figures shows a great variation. It is much 
better for a compound to shrink gradually than to have a high 
initial shrinkage. The possibility is always present of some of 








Carburizing 


Commercial 


Ditferent 


1, 
) 
t 


Kig! 


~ 
s 
~~ 
~ 
~ 
Z 
- 
a 
~ 


Photograph of the 
lest 


in this 


Fig. 


Used 





CARBURIZATION OF STEE! 179 


work being exposed by the shrinkage of the compound, as the 
op mixture usually is composed of several parts old compound 
one of new, The packer may find he has used up all of his 
4) nuxture and in order to fill the last few boxes may use all 
w compound, placing the same quantity of pieces in each box 
ome of these will be exposed by the shrinkage of compound 
wing a high initial shrinkage. In such cases, the top layer of 
irts should not be placed in the box and plenty of excess com 
unds should be used. This high shrinkage also adds to the cost 


the compound. 


COMPOUNDS LUSED IN TES’ 


(he compounds used in this test are shown in Fig. 3.) A 
mpound should be reasonably free from dust. Dusty com 
und is disagreeable to the workman, causes a high compound 
ss cost and has a tendency to choke the compound, by keeping 
ie gases away from the work. If the dust is composed of ener 
rizer it will settle to the bottom. The compound should not pit 
the steel. Some compounds are so heavily charged with energizet 
that a chemical action takes place between it and the steel and the 
nish of the latter is damaged. ‘This condition took place with 
ompound “C” and would prove exceptionally objectionable if this 
compound were used for pack hardening 
It might be mentioned at this time that a desired quality 
a carburizing material is good thermal conductivity. In general, 
these materials are poor heat conductors, and the time taken to 
heat to temperature is a large proportion of the total time used 
the production of thin cases. Some compounds absorb heat 
t certain temperatures to complete internal reactions. Raw bone 
ontains a high percentage of moisture and volatile matter which 
ust be driven off when first heated. Bone used once heats 
ich faster than new bone and the desired case can be obtained 
a shorter total time. Some compounds are impregnated with 
and a considerable amount Of heat is required at 500-600 de 
rees Fahr. to volatize the oil, At these temperatures, the hydro 


rbon gases evolved are not of carburizing value 
DETERMINATION OF CARBON CONTENT OF CASE 


In order to determine the carbon content of the carburized 


e, the test pieces were placed in a lathe, the surface polished 
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Fig. 4—Curves Showing Carbon Penetration ‘of Compound 
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Fig. 5—Curves Showing Carbon Penetration of Compound “Q”. 
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th fine emery paper and all traces of foreign material removed, 
corners were cut back 14 of a inch to remove the increased 
epth of case at these regions and cuts of 0.005 inches thick by 
| inches long were removed with a high-speed steel tool. The chips 
were mixed and analyzed for carbon by the standard combustion 
method. It was necessary to use extreme care in removing the 
outer layers on the chrome-vanadium steel as the combination of 
the high carbon with the alloys present had made these regions self 
hardening upon slow cooling. Many of the determinations plotted 
ire averages of several check analyses. 


EFFECT OF CONTINUED USE oF COMPOUNDS 


The different carburizing compounds shown in Fig. 3, were 
used in three separate runs, the time being 24 hours for each run 
at 1600 degrees Fahr. New compound was used for the first 
run and no new compound was added. A _ subsequent test was 
run at 1700 degrees Fahr. for 24 hours at temperature using new 
compound, The steel in each case was chrome-vanadium, S. A. 
Kk. 6120. The individual curves plotted from each run are 
shown in the accompanying diagrams. 

The curve for the first run of compound “C,” Fig. 4, is 
composed of the separate analysis of two samples which were 
in the box. This shows the uniformity of the specimens packed 
in the same box. The extremely high carbon content in the hyper- 
eutectoid zone is characteristic of the results obtained with each 
material. In each of the accompanying curves the zone above 
1.00 per cent carbon is blackened for easier identification. The 
increase in depth of this zone on increase of temperature to 1700 
degrees Fahr. is also noticable. It is seen that continued use of 


be 
thi 


us compound does not effect appreciably the percentage and 


a 


depth of carbon ‘over 1.00 per cent produced in the hyper-eutectoid 
zone, 
The carbon penetration results obtained in using compounds 
(), W, S, A, B, and R are shown in Figs. 5, 6, 7, 8, 9, and 10. 
(he summary of the results are shown in Fig. 11. 
Compound S, Fig. 7, second run at 1600 degrees Fahr. ac- 
ially has caused a decarburization of the specimen. ’ 
The curves, Fig. 8, show the results obtained in using com- 
pound A, and §S. A. E. 6120 steel. While duplicate specimens 
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Fig. 7—Curves Showing Carbon Penetration of Compound 
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were placed in each box it will be noticed that they have been us« 
only on the first run. The second specimen in the third run of th; 
compound was analyzed for check purposes. 


The tendency of the increased carburizing temperature t 


build up carbon in the exterior of the case and render the gradua 
tion with the core more abrupt should be noticed. The carbo: 





Fig. 10—Curves Showing Carbon Penetration of Compound ‘“R”’. 


analysis on the exterior zone of the 1700 degrees Fahr. run using 
compound B, Fig. 9, is the highest determined. This specimen 
was reversed and replaced in the lathe and nine new cuts taken 
from the end which had been held by the lathe dog. The results 
obtained checked very closely to those taken previously. 

Compound H was only used for one run, but it was tested 
at a different time. The condition of the tests were the same, 
however, and the results are thought to be comparative. The 
curve is shown in Fig. 12. 

Fig. 11, shows in graphic form the summary of the results 
obtained in the tests. The depth obtained with each compound 
together with average depth obtained on the three runs is shown. 
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e increase in the depth of the case and the depth of the region 
taining over 1.00 per. cent carbon is readily seen. 


CARBON AND ALLOY STEEL PENETRATION 


The effect of variation in time in this characteristic together 


vith effect upon depth of case is seen on the test of a simple car- 
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Fig. 11—Graphic Summary of Results Obtained in Figs. 4-10. The Depth of 
Penetration Obtained with Each Compound Together with the Average Depth Obtained 
Three Runs is Shown. 


bon steel, S. A. E. 1015 and a chrome-vanadium, S. A. E. 6120, 


lig. 12. These curves were made with compound H at 1600 


degrees Fahr. The effect of increased time at temperature, is to 
increase the depth of case and concentration of carbon over 
1.00 per cent carbon in the chrome-vanadium steel; carbon steel 
in the same proportions. The carbon steel is not, however, sub- 
ect to excessive concentration of carbon in the hyper-eutectoid 


ne and does not absorb carbon as readily as the alloy steel. 
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Fig. 13—Curves Showing Carbon Penetration of Three Parts Old and One Part 
Compound ‘‘QO” on S. A. E. 6120 Steel at 1600 Degrees Fahr. 
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eecert OF TIME AND TEMPERATURE UPON Deptu or Case USING 


SHor MIxTuRES OF COMPOUNDS 


the effect of temperature of carburization is to increase the 
oth of case and the depth of excess carbon in the exterior 
nes. The curves in Figs. 13, 14, 15 and 16 were obtained with 


shop mixture, 3 parts old to 1 part new compound, on a chrome 
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lig 14—-Curves Showing Carbon Penetration of Three Part Old and One Part 
Compound “QO” on § \. FE. 6120 Steel at 1700 Degres Fahr 


inadium steel S. A. E. 6120 at carburizing temperatures of 1600, 
OO and 1800 degrees Fahr. The compound used was “Q.” The 
ine given in all cases is after the box was heated through at the 
irburizing temperature. The 24 hour run at 1600 and 1700 
egrees ahr. were taken from the previous data and were made 
ith new compound. Fig. 13, shows the results obtained at 1600 
egrees Fahr., Fig. 14 at 1700 degrees Kahr. and lig. 15 at 1800 
egrees Fahr. 

Fig. 16, is a general curve compiled from Figs. 13, 14 and 15, 
hich shows this steel to have a tendency toward the ‘critical 
netration’ described by Bullens and seems to show that carbon 


ibsorbed slowly and gradually at low temperatures. An increase 
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in temperature tends to force carbon into the steel very quickl) 
A certain period of time, which is shorter Than the higher carburiz 
ing temperature, is finally reached where the diffusion of th: 
carbon into the interior proceeds more slowly with consequent 
slowing up of the penetration obtained with a given time and 
increase in percentage of carbon in the exterior zones. 

The same depth of case was obtained with 3 hours at 1800 
degrees Fahr. as was obtained with 10 hours at 1700 degrees Fah: 
and 24 hours at 1600 degrees Fahr. The percentage loss in 
volume of the compound increased very slowly with increase in 
the temperatures. 


The compound showed the following volume loss: 


1600 Degrees Fahr. 


Per cent Time in 

Compound Loss Hours 
Seep Beebe OGG. 2 oes. 16.67 5 
Shop Mixture Q .......... 17.83 10 
Shop Mixture Q .......... 17.83 15 
New Compound Q .......... 8.3 - 24 

* 1700 Degrees Fahr. ‘ 
Shop Mixture Q .......... 16.67 5 
om Besmtare Go. ccc cccies 16.67 10 
Shop Mixture Q .......... 16.67 15 
New Compound Q .......... 19.8 24 
1800 Degrees Fahr. 

Shop Mixture Q .......... 17.86 3 
Shop Mixture Q .......... 18.75 6 
Shop Mixture Q .......... 17.83 10 


The tendency toward high carbon content near the surface is 
not entirely confined to chrome-vanadium steel. Fig. 17, 
shows the case produced with solid carburizer on a chrome-nickel 
steel S. A. E. 3320, 15 hours after being heated through at 1650 
degrees Fahr. cooling in the box (this box being larger than that 
previously used, the dimensions being 914x18x23 inches). By re- 
ference to the previous curves it is seen that the depth and 
character of the case produced are practically the same. 

It might be noted at this time that the type of steel has a 
great influence upon the manner of distribution of the free carbides 
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the hyper-eutectoid zone. In chrome-vanadium steels the car- 
ide forms in tiny globules and spheroids, Tig. 18. 

Simple carbon, nickel, and high-nickel low-chromium. steels 
have a tendency to precipitate the carbide in the form of a net- 
work or needles unless the concentration is very high, Fig. 


O OSs /0 
Deplh in Lrches 


Fig. 15—Curves Showing Carbon Penetration of Three Parts Old and One Part 
New Compound “QQ” on S. A. E. 6120 Steel at 1800 Degrees Fahr. 


eee 


19. An excessive depth of high carbon gives rise to a fracture 
which has a fiery ridge or rim of very crystalline material. 

Fluctuations or variations in temperature cause an excess 
amount of carbide to desposit near the surface. This is due to the 
tact that a slight drop in temperature causes the steel to become 
supersaturated with carbide precipitating some of the carbides. 
\s the temperature again rises, the steel absorbs carbon from the 
carburizing gas much quicker than it can redissolve the carbide 
which it has just precipitated. When this occurs, an excess of 
carbide is found near the surface. 

This phenomenon is seen very often in nicke! and chrome- 
nickel steels. If the concentration is comparatively high, the box 
will cool much more rapidly than the steel can diffuse the high 
carbon into the interior and an excessive carbon concentration 
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Fig. 17—-Shows the Case Produced with 
Solid Carburizers on a Chrome-Nickel 
S. A. E. 3320 Steel, 15 Hours after being 
Heated Through at 1650 Degrees Fahr. 
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the outside is the result. Phis discontinuity gives rise to a 
ture which has a fiery edge or a thin border or rim ot very 
stalline material. This rim is composed almost entirely ot 


hide which is the hardest constituent in steel. It cannot be 


7 


Fig. 18—Photomicrograph of Chrome-Vanadium Steel Showing a Concentration 
Globules Near Surface Fig 19—Photomicrograph Showing Net-work of  ¢ 
Near Surface of Carburized Chrome-Nickel Steel 

itened by tempering and is very brittle. lig. 19, shows this 


pe of zone on a chrome-nickel steel. 


Cases of this type are subject to enfoliation or splitting off 


inder shock, local heating caused by grinding, quick tempering or 


eating for hardening, etc. The face breaks off in flakes on a 
ne parallel to the surface corresponding to the line of separation 
the high carbon and eutectoid zone. The high carbon zone cannot 
eform on account of its intrinsic hardness and rigidity. Liqua- 
on is the term used for the separation of the normal and high 
irbon zone. Enfoliation is the term used to splitting off of the 
gh carbon area formed by this separation. 

lhe micrographs shown by S. C. Spalding in his paper 
ublished in the August 1922 issue of TRANSACTIONS, illustrates 
e tendency of the excess carbides to assume a form which is 


eculiar to the type of. steel. 





TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING Augu 


INSPECTION OF FINISHED PARTS 


Che best method of determining the ability of a carburized 


part to withstand service is to place it in actual service. A fte 
finding a type of steel which treated in a definite manner wil 
give satisfactory service, the next step is to reproduce that part 


The best method of testing the carburizing operation is to examir 


Fig. 20—Typical Fractures of Carburized Specimens of Steel. 


the case after subjecting the part to the standard heat treatment. 
This examination may be made by breaking the part for frac 
ture or by taking sections from it and examining them under the 
microscope. The fracture test is easily made a routine inspection 
and gives a constant check on the quality of the material leaving 
the heat treating department. Fig. 20 shows some typical frac- 
tures. 

Examination of the fracture should show whether the case 
is sufficiently deep, or the case and core are well refined. It is 
well to adopt a definite standard of depth which should be 
noted on the heat treatment instruction card. The method of 
breaking for fracture, gradually or quickly, across or with the 
grain alters the fracture and apparent depth of case considerably. 
3efore rejecting a part on account of insufficient depth of case 
it should be broken several times. 


The miscroscope is used as a supplementary means of in- 
spection on special work. It is a matter of a few minutes for 
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metallographist to polish, etch an 


oth of case, distribution of carbon, 
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d examine a specimen for 


etc. 








(he scleroscope and file are a means of testing the surface 
dness. The sclerosope gives comparative results on the same 
aterial. The file hardness depends entirely upon the character 
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Fig. 21—Curves Showing the Relationship Between Scleroscope Hardness, Carbon 
Content and Penetrability Using Compound ‘Q”, 
and uniformity of the files used and the method of testing. 


(he Brinell method is objectionable 


cases and gives incorrect readings. 


as it punches through thin 
Some plants use a_ pointed 


hammer 


to 


test 


the case. 


lf a blow with the hammer does not 
cause fracture the case is assumed to be satisfactory. 


HARDNESS 


A slab about from a 2-inch round 
ar 5 inches long, of chrome-vanadium S. A. E. 6120 steel which 
had been carburized for 24 hours at 1600 degrees, Fahr., reheated 
to 1625 degrees Fahr. and quenched in oil, reheated to 1470 


degrees Fahr. and quenched in brine. 


Ye inches thick was cut 
] 


The specimen was ground 
parallel to the end of the specimen upon which hardness readings 
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were taken with scleroscope and Brinell machines, halfway betw: 
the center and circumference. 








Layers 0.005 inches thick were 
moved and consecutive hardness readings taken. 











It is interesting to note (Fig. 21) that the scleroscope ha 
ness remained rather high until the carbon content of 
dropped below 0.50 per cent carbon. The 





the ¢; 
carbon content of | 
hyper-eutectoid zone apparently had not had any influence ww 
the hardness. 














The case resisted penetration by the Brinell ball until a dep 
of 0.025 inches was reached. Between this and 0.045 inche; 
appeared outside of and concent 
Under this depth the case was sufficient 
flexible to yield under the ball without cracking. The Brin 


number on the opposite surface of the slab, about 7g-inch dista 








continuous circular crack 














with the indentation. 

















was 217 although the last consecutive reading was 241, showing 





gradual decrease in hardness with depth was effected. 





Insufficient hardness may be due to low percentage of cai 


bon in the case, superficial decarburization, delay quenching, hi 
drawing temperature, removal of too much stock in the grindi 
operation, etc. 

















Soft spots and insufficient hardness have been attribut: 
lately to the presence of dissolved oxides in the steel. A 


which hardens satisfactorily 








mate! 
presents as carburized a ‘normal 
structure under the microscope while a steel which produces 











. ‘ 
SOT 





spots’ has an ‘abnormal’ structure. The writer’s experience | 





been that ‘soft spots’ have been a very infrequent cause of troul| 





and all cases which have occurred have been readily found due 
some other factor than the steel. 






Sudden cements have the tendency to push carbon. in 
steel much quicker than it can 





be diffused and produce hig 
carbon cases particularly subject to enfoliation, It 





may be pr 
vented by the use of cements which do not have such a violent 
action. 








Carburized parts must he heat treated so that they wil! 
give satisfactory service. The heat 





treatment must also be dor 
cost consistent with good prac 





economically or at the lowest 
tice. 








After being held the desired time at temperature, the grat 





of the case and core is large, due to the long soaking at high tem 
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itture. Lf allowed to cool slowly, the excess carbide will) form 
etwork between the grains or separate in large masses lf 
ienched from a temperature wiuch will harden the case, the 
rbide structure will not be changed and will form an easy 

for fracture due to its intrinsic brittleness. Quenching in oil 


mn the .carburizing temperature where this excess carbide is 


solution will precipitate it in extremely fine particles. It will 
have time to separate between the grains. This quench also 
is a hardenening effect upon the core. The disadvantages are 


it does not have any refining action upon the coarse grain 
it by the long heating, that the proper quenching temperature 

the core is below the usual carburizing temperature and thu 
ve work is difficult to handle on account of the heat 

lhe pieces should be allowed to cool rh the box and re 
eated to a temperature which will refine the core and also break 

any undesirable structures of cementite. This is called a re 
enerative quench because it regenerates or restores the core 
he parts are then reheated to a lower temperature and are 
uenched to refine the case. This temperature is lower than the 
ritical temperature of the core and the grain size produced in 
he core by the previous quench is not affected. ‘This final 
juench may be in oil or water according to the type of. steel. 
Some steels have the critical points of the case lowered by alloys 
» such an extent that they become hard when quenched in oil 
(her steels are non-machineable after cooling in the carburizing 
x, due to the same phenomenon. 
Che stresses in some parts should be relieved by drawing 
oil to about 375 degrees: Fahr. ‘This will not have any effect 
upon the hardness but will increase the strength, toughness and 
uniformity of the product. Chrome-vanadium steels require a 
rawing temperature about 25 degrees Fahr. higher than other 
teels to cause them to lose their file hardness. 

The heat treatment and method of handling is varied in the 
fsual manner according to the shape, size and previous history 
t the piece. The best results can undoubtedly be obtained by 
llowing the piece to cool in the box, reheating it to a high 
cmperature to regenerate the structure of the core, reheating to 

lower temperature to harden the case, and drawing to relieve 


e internal stresses set up in these operations. Costs, however, 
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regulate practice and are of course subject to the service 


quirements of the part. In many cases a single quench fr 


the carburizing temperature is sufficient. An improved qual 


of product with lower costs can be obtained by a careful stu 
of the material, heat treatment and service conditions. 
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TOOL ROOM TROUBLES 
By A. H. Kingsbury 


Abstract 


The author of this paper has reviewed in considerable 
detail the various factors involved in the production of 
hardened tools. He discusses the necessity of a careful 
study of the problem at hand inasmuch as the wmproper 
selection of steel is the most frequent cause of tool room 
troubles. 

Of the numerous factors involved in the production 
of cutting tools, the author specifically discusses the mark- 
ing of various grades of steel, design, machining strains, 
heat treating, the proper hardening range, quenching 
speeds, drawing, soft spots and similar troubles, vanadium 
as an alloying element and grinding practice. 


| Septem to trouble is generally distasteful to most 
of us. The word is, however, directly a stepping stone to 
experience and knowledge, especially when we recognize and 
admit the existence of trouble and in each occurrence make 
a careful analysis of its causes. The tool room personnel and 
equipment is of major importance in a plant inasmuch as the 
magnitude of the success or failure of the enterprise is to a 
considerable degree dependent upon the manner in which 
this department functions. The present day demand for econ- 
omy in production to offset the shortage of labor and_ pro- 
gressively ascending wages, has given the ways and means of 
doing things in the tool room, a significance greater than 
heretofore. 

The gradual approach to perfection in our engineering 
practices, and the demand for greater and greater accuracy, 
lave taxed to the utmost the originality and initiative of the 
tool designer and tool maker. Thus, the work of tool mak- 
ng demands more than a good mechanic and accurate work- 
man. In the past these characteristics qualified a man for 
the trade, but at present the complex demands of modern pro- 


A paper presented before the New York chapter of the Society. The 
uthor, A. H. Kingsbury, is associated with the Crucible Steel Co. of 
\merica, Atha Works, Harrison, N. J. 
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duction have raised it to the pe 
aloart upon which the ambitiou 
designer, or treater may well | 
Unfortunate], all tool makers do 


and as a consequence fail | 


(? 
0) L1\ 


study, the present Situation demands. 


constant evolution has, to a ere 


thumb methods. Instructions etc.., 
lete today, so that entirely 
ambitious man will endeavor to 


‘7 
°& 
iheation for his work. namely, * 


plish this. by availing himself of 


readily accessible sources ot infe 


present time. The remarkable =r 


neering business. Which started a] 
undoubted], the direct result of 


Straightforward discussion. 


As an example of this, let 
making, Not more than 20 
tool and special steels 
gree of secrecy: each Manutactu 
analyses and obscure methods of 
his chief claim for consideration 


carefully guarded obscurity Ot his 
of the chemist and metallurgist 
Progress made in_ their respectiy 
pated the old order. and those sul 
sO jealously guarded, 
the steel maker bases his claim f{ 
itv of his product as the result 
care, which are the controlling 
Vhe writer wishes to emphasize h 
derived from these 
we must realize that the 
ple in’ their solution when many 
on the subject. Thus, it naturally 
Society for Stee] Treating which 
tuating purpose of discussing the 


Ing the worker Im metals, js an 


benelit. te those who wish to 


Alva 





new methods being in demand 


open discussions. 
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sition of a fine art, in j 
S and successfy] tool mal! 
ook with considerable pri 
not consider it in this liv 
e their profession the Care 
They fail to realize {| 
‘at extent, made the rule 
of yesterday practically oh 
ain that most necessary qu 
originality.” _He may accor 
{ some of the excellent 

rMation in existence at 

evolutionary Period in en: 
out twenty-five years ago 


publicity brought about 


us consider. the art of ste 


years ago, the manufacture 
Was shrouded with a considerable 


rer’ had his .own pet mixe 
Inaking his product. In fa 
ver his competitors was | 
entire process. The advent 
along with the notewort! 
e fields, has entirely dis 


ects which previously wel 


are openly discussed, and at the present tin 


a consideration on the qui 
of research, knowledge, an 
factors in its Manufacturs 
is belief in the great bene! 


for it seems to him that 


most abstract problems become. sim 


minds are brought to bea 
follows that the \mericn 
Was organized with the 
complex problems confros 
organization of Incaleulabk 


il themselves of not onl, 
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ical but a Iighly practical education in the art of work 
and treating steel. 


\t times, unfortunately, 


the failure of 
steel and it 1s 


tools is the 
by the caretul 


fault ot 
and thorough 


investigation 
hese failures, that the steel maker is progressively elimi 
ing them. A personal observation points to the conclusion 
in the instances where the blame rests 


ority of these cases are directly 


on the steel, the 


attributable to the “human 


Progress has been responsible for another and most en 
uraging change in the 


art of tool making. 
ide was handed 


down from father to 
at might be termed a family affair. 
e hereditary, the 


In the -past, the 
son and was really 


Like most things which 
practice resulted = in 


developments 
while it may 


rrow. lines, and have promoted 


along 


a high degre 
skill, it also resulted in an attitude both narrow and _ pre} 
iced This condition 


has been subject to a_ radical change 
that the tool it present is selected for his ability 


his ancestors 


maker 
regardless of what trade man so 


followed. A 


eloped is invariably open-minded and willing to discuss ©: 
sten to any subject which may be of benefit to him. 


rite SELECTION OF THE STEEI 
Possibly the most frequent cause otf tool room troubles 


primarily in the improper selection of the steel. In decid 

this question to the best advantage, a careful consider- 
tion should be made of the work accomplished. 

li the tool maker or designer does not have at least a 
orking knowledge of the characteristics of the various tool 
ud alloy steels available, or the proposition is one with which 
e is not thoroughly familiar, 


he can generally 
information 


obtain the 
necessary 


steel manufacturers, though 
some instances the maker’s experience will not allow him to state 
lefinitely just how the steel will 


vhen it is in the finished tool. 


from. the 


perform under all conditions 


Llowever, in making this choice 
le tool maker may find 


some assistance in the following 
lestions: 
1. What are the physical characteristics of the 
metal to be cut or 


otherwise worked I the tool? Is 
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it soft, hard, soft and tough, medium and tough, hard 
and tough, or will it have an abrasive action on the 
cutting edge of the tool? 

2. Does the work planned necessitate an ordinary 
carbon, extra carbon, or alloy tool steel? Can initial 


hardness in the steel be sacrificed to gain toughness? 


3. Does the class of work demand a deep hard- 
ening steel? Is there danger of the tool sinking and 
consequently cracking under pressure, when made 
from a shallow hardening steel? 


4. How much size change is permissible in hard- 
ening? 


5. At what speeds will the steel be required to work? 


In answer to questions 1 and 2 for soft materials where 
toughness is not a factor, a hard steel should be used, and 
while most of this class of work can be satisfactorily accom 
plished by using a carbon steel, tungsten tool steels will gen 
erally give much longer service. For hard steel the same is 
true, but the difference between the length of service obtained 
by using one of the tungsten steels is much greater than 
where soft material is to be cut. For soft and tough cut 
ting, a softer but tougher tool steel will show up to advantage 
though a harder steel may be used to a better advantage, if 
the drawing is sufficient to produce the maximum toughness 
obtainable with the necessary hardness. For hard and tough 
steels, alloy tools work to the best advantage, particularl) 
the tungsten or chromium-tungsten steels, which develop a 
very hard close grain. This condition naturally enables them 
to resist wear and abrasion better than a steel which does 
not have this characteristic developed to the same degree 
It is not intended to imply that good carbon steels will not 
be suitable for any or all of these classes of work, but the 
fact is emphasized that tungsten tool steels will work to 
advantage, and in the majority of cases give much longer 
service than those steels which do not contain this element. 
In aswer to question 3 it has been found that for most tools 
which have to withstand heavy pressures, such as dies, punches, 
etc., a deep hardening steel is recommended particularly for 
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‘hose where the metal to be worked is dense in nature, or 
ard. -A carbon steel, except in small sections will not harden 
deeply, so the use of an alloy steel is preferable. In addition 
to their deep hardening characteristics these alloy steels, either 
chromium, chrome-vanadium or chrome-tungsten, resist wearing 
action and abrasion. The oil-hardening nondeforming: steels 
harden deeply and for many classes of punch and die work 
these steels are being used with a great degree of success. 
\nother advantage gained by using this type of steel is that 
they do not change size in hardening. They do not attain, 
however, the intense hardness of some of the other alloy 
steels, and as a consequense can be used to better advantage 
on the softer classes of work. 


The steels containing 2 to 7 per cent tungsten are ca- 
pable of remarkable abrasion resisting qualities and their use 
is an economy for finishing tools on automatic machines for 
most classes of work. ‘Their dense close grain will enable 
them to cut the hardest materials, but not at high speeds. 
The fact that a steel contains tungsten does not necessarily 
make it a high-speed steel, neither does -it follow that the 
presence of this element will allow the tool to cut at much 
higher speeds than ordinary carbon steels, though the tungsten 
steels will last much longer on most of the materials at the 
same or slightly higher speeds and they will cut materials 
upon which carbon steels will not even start. Thus, the chief 
advantage of the tungsten over the carbon steels is longer 
service between grindings, a better finish due to their intense hard- 
ness, close grain, and their ability to cut materials which are 
too hard for carbon steels and at times impossible to cut with 
the standard high-speed steels. Due to their much wider hard- 


ening range, the hazard of loss by overheating in hardening 
is much reduced. 


One frequently hears nearly all classes of tungsten steels 
referred to as semihigh-speed steels, but this terminology, 
the writer is convinced, is misleading. The fact that 
the so-called tungsten tool steels, such as those containing 
irom 1 to 7 per cent tungsten, have their hardness breaking- 
lown points but slightly higher than carbon steels and much 
below that of both the old self-hardening and modern high- 
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speed steels, would indicate the term = “semiligh-speed” sho 


to t 


be applied, if it is really necessary to apply it at all, 
almost obsolete self-hardening steel whose hardness breakin 


down point is about 300 degrees higher than that for the 
bon or tungsten steels and approximately 400 degrees bel 


that of the modern high-speed steels. Theretore, if 


on usit 
a carbon or 


tungsten steel at what might be thought to 

sufficiently low speeds, the tool does not stand up and it 

known that the proper conditions have been met in the tre: 
ment, do not jump at the conclusion that the tool has n 
been softened under the frictional heat of the chip simply |. 
cause the edge does not show color or the softness cannot 

felt with the file. Reduce either the speed or adopt a hig! 
speed steel for the purpose and increase the speed, for a 
rule, high-speed steels work to a disadvantage at carbon st 
speeds. 


Krom the foregoing it can be seen that the writer is pai 
ticularly interested in tungsten steels, and he feels that an es 
planation as to his attitude is in order. 


Considerable tin 
spent in research on the influence of 


tungsten in steel ha 
indicated that it iS a most fascinating field for investigatio 
and has influenced him to form some theories and then searc! 
the literature for the purpose of confirming or contradictin 
them. While this search has to date been 
covering a few technical articles by 


authorities, there seems to be a 


successful in un 
Engl sh and =  Germai 
dearth of papers either pra 
tical or technical on the subject by American authors. Tl) 
careful perusal of those discussions that could be found «1 
the subject of tungsten steels, with a personal investigati: 
of some of their properties, have convinced the writer that 
this steel as a class, has been sadly neglected, and its thoroug! 
investigation in both a scientific and a practical manner by ow 
modern metallurgists and tool makers will open up a very wid 
held of usefulness. Suffice it to say, that there is no doul! 
whatever, that these steels have latent possibilities which hay: 
heen practically unexplored up to the present time, and carefu 
and thorough research will, without a doubt, be repaid in concret: 
results. For this discussion the steels referred to as “tungste 


steels” are those which contain tungsten in excess of 1 per cen 


and do not 


come in the high-speed or “self hardening” steel classc 
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VANADIUM As AN ALLOYING ELEMENT 

Vanadium as an alloying element is very active in chang 
O the properties of steel. In fact, it is so active that its addi 
nn to the extent ot even 0.15 per cent makes the steel to 
hich it is added an alloy steel, while any of the other alloying 
netals have to be present in appreciably greater quantities to 
lace the steel in the alloy class. Vhe addition of vanadium in 
rect proportions to a carbon steel, adds several valuable 
roperties, such an increased hardness and toughness, both ot 
hich augment to a great extent the life of the tool. It also 
dds several other properties to steels which however, are of 

no direct bearing on the subject so will not be discussed. 
the acknowledged superiority of the vanadium-carbon steels 
er the straight carbon steels in durability is no doubt due 
largely to the fact that vanadium resists the formation of 
mellar pearlite and in hyper-eutectoid steels massive cemen 
ite, thus acting to give the annealed steel a finely spheroidized 
tructure which is the ideal structure for tools. In addition to 
nereased hardness and toughness, vanadium also acts lke 


chromium in increasing the depth of hardness. 


PROPER HARDENING RANGI 


\nother condition which has frequently caused trouble is 
heating a carbon steel beyond the proper hardening range to 
rain a greater depth of hardness, for while this practice will 
result in a harder core, the hard surface is correspondingly 

eakened by coarsening the grain, and the service from the 
punch or die, is thereby sacrificed. When it is found necessary 
to prevent sinking because of a soft core, a deep hardening 
teel such as a chromium or chrome-nickel, nondeforming or 
high-speed, should be used. In fact, when any serious doubt 
exists as to just what steel to use it is generally a safe bet to 
try high-speed steel which, with our present knowledge of the 
elasticity of the treatment of this type, makes it suitable for al 
most any kind of tool. 

For a precision tool the nondeforming oil-hardening types 
f steel are obviously the-best. The size change, however, 

either a carbon, tungsten or chromium steel can be greatly 


luced by roughing it out, oil hardening it at from 50 to 75 
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degrees Fahr., above the temperature at which it would ordinari! 


quenched, and either draw or anneal it just sufficiently to al 
it to be finished up, then apply the regular treatment. ‘| 
makeshift should never be resorted to unless a nonchanve: 
steel is not available or suitable for the work. 







MARKING GIRADES OF STEEL 








As all 


method of keeping the various classes of steel separated mi 


tool rooms use more than one kind of. steel 






be adopted. ‘The system ot symbolizing the various kind 
steels should be such that the short and smallest pieces can 


easily identifed. Different colored paints and number 






letters stamped on the bars or pieces are the best mean 
preventing mixups. If when the bar of steel is received 11 


immediately painted with a stripe the length of the | 







stamped, lettered or painted, a distinctive number, letter or co! 
on each end, it can be easily identified at any time. Failure 


do this may result in the loss of some very expensive tools 


DESIGN 





The design of the tool is one of the most important 







features, as it relates to the cutting angles and many ot! 
elements which are large factors in the ultimate results ©! 
tained. ‘The importance of proper lip angles is so well kno 
that it seems unnecessary at this time to dwell upon this | 
sential feature. The tool designer should consult with | 


hardener and in any event should understand the fundamen 
principles of hardening. Sharp corners, adjacent thick and t! 





sections are potential causes of cracks and spa'‘ling and shou 


he avoided when possible. If not possible and the tool is to 








an expensive one, use an oil hardening or high-speed steel. 
Some tools, regardless of how carefully they are treat 
will warp and this point is where the good hardener can be ©! 
assistance to the designer, for he can advise him where the w: 
page is likely to occur and thus provision can be made 
grinding. If the tool is such that it cannot be ground su! 
sequent to hardening, the safest procedure is to use a non: 
forming or nonchangeable oil-hardening tool steel. 
4 All hot rolled or hammered steels are likely to hav 
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or less decarburized surtace, so it is poor economy to 
the steel too close to the finished size, as suthieient material 
id always be allowed to imsure the complete removal ot the 
arburized surface. 

In designing punches and dies, the proper clearance ts ot 
ic importance. It is difheult to establish hard and fast 
es to cover this point due to the action of the variou metals 
ich may be fabricated by the tool llowever, a sate rule 
ich can generally be followed is to allow clearance equal to 
ut 1/6oth of the thickness of the metal to be punched. or 
| metals this ratio can be reduced to as much a 1/12th 


hen punches break, a ¢ 


’ 
~ 


ood practice ts always to start with 
¢ investigation of the clearance, providing that the fracture ot 
e tool does, not indicate anything irregular in its) physieal 


: operties. 


Llear TREATING 


lhe subject of this papel would indeed be but poorly 
alt with if due consideration were not given that most e 
ential adjunet to the tool room, namely the heat treating 
lepartment, for it is here that a majority of tool room trouble 
ve their origin. In considering this phase of the subject, the 
riter will necessarily have to present it in a general and not 
detailed manner, for were it to be dealt with in detail, and in 
tiable way, this meeting would have to assume the propot 


Mn of a convention, 


lhe use of a pyrometer is strongly recommended as it | 
aluable assistance in duplicating result: \n instrument, 
vever, which does not have the necessary attention and 1 
t checked for accuracy from time to time is obviously of 
rative value and the source of trouble. Llortunately the 
esent product of the pyrometer makers is as near fool proof 
they can possibly make it, but they are not perpetual motion 
ichines and consequently need a little of the human touch 

and then, to keep them in condition, 

Where it is possible, an instrument should be kept for 
cking purposes, but where this is not practical, service can 

ad at any time from the maker, for a very nominal charge 


Instrument is of assistance to, but cannot take the place (y| 
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the intelligent hardener and therefore its introduction sho 
not lead to the conclusion — that hardening troubles are at 
degree of heat in the particular 
he hot junction is located, but 
times furnaces do not heat uniformly, ¢ 
furnace heats uniformly 
thé instrument, either the 


end. It will measure the 
tion of the furnace where t SO! 
onsequently, unless 

and the Operator knows how to u 


steel, the pyrometer, or both, are plac 
in a very disadvantageous position, The Pyrometer helps to 
ulate the “human element” but neither it nor any other inst, 
ment designed to date can eliminate the 
have just as much if not more, 
predecessors of years gone by when steel was hardened by tl 
eye, and the hardener was considered 


hardener, who shou, 
skill and judgment than | 


i 


a specialist. 
In addition to the Pyrometer and the hardener, 
furnaces and hardening room equipment are necessary if troul|, 
is to be avoided. As details of the e 
to the peculiar requirements of 
possible to consider them in 


quipment have to be suite 
the individual shop it is im 
any more than a fundamen 
The furnaces should be so de 
that they will be of ample size for the 


Way in this discussion. signe: 
work, and capable o 
maintaining a uniform temperature throughout. 
ply, the valves. drafts, 
of the furnace can } 


The fuel sup 
ete. should be such that the atmospher 

aul 
times. If precision and delicate tools are to be treated, one o1 
more preheating furnaces are of great assistance. 

A brine of water tank or both and a suitable oil quench 
ing system of sufficient size 
brine cooling tanks should |] 
of the quench can be kept below 70 degrees Fahr. A 
quenching oil is e; 


are necessary. The water and 


good thin 
isily obtainable. Either furnaces, oil baths 01 
some other means should be provided for 


drawing and as 
necessary adjunct to 


them a suitable means for accurately «: 
termining their temperature, though tempering by color, if it 
thoroughly understood will be Suitable for some classes «} 
work. It must be remembered however that temper colors do 
not appear below 420 degrees Fahr. and this is too high fo: 
many tools; thus to get 
a temperature indicator 
ical investment. 


accurate results, a furnace or bath wit! 
is good and in the long run, an econom 


Cracking, spalling and warping are the direct results 


e kept either neutral or reducing at all 









the proper 


e so designed that the temperature 
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Nonuniform heating and cooling conditions are by far 
causes of the greatest majority of these troubles. ‘Thus by 
areful and thoughtful consideration of the conditions from 
ich strains originate, many of the troubles incident to hard 
ing can be eliminated. It is admitted that the design to which 

me tools have to be made will invariably produce warping 
proper attention to the heating and quenching as well as 
the selection of the steel can reduce this condition to a point 
here it is almost negligible, and if necessary, the tools can be 
traightened at the drawing temperature. 
\ll steel in the first operation (hardening) should be 
eated in such a manner as to give it the greatest possible 
irdness with the greatest refinement of the grain, and the 
per hardness for the finished tool should be regulated by 
le degree to which it 1s drawn. In its initial hardened condition, 
e steel is under a tremendous strain particularly, if its design 
lakes necessary adjacent thick and thin sections, sharp cor 
ers, ete. It is therefore obvious that this tension or strain 
uld be relieved as soon as the quench has proceeded to the 
legree where maximum hardness is obtained. The exact point 
the quench where this condition is reached is difficult if in 
deed possible to determine, but best practice and experience 


udicate that it is somewhat higher than the temperature of the 


quenching both, particularly if this be water or brine. If the 


quench is in oil, it should be used hot, generally from 80 to 
150 degrees Fahr., for oil hardening steels, and as hot as pos 
ible for high-speed steels, so the careful attention to relieving 
‘trains at once, while it is not as essential as for the water o1 
rine hardening steels, is good practice. A procedure which 
ecems'to be productive of good results is to continue the quench 
vater or brine, until the hand can just touch the piece and 
hen finish cooling in either hot oil or draw the tool. Thi 
practice also assists in preventing warpage. On the other hand 
re should be taken not to remove the piece from the bath 
hen it is too hot, for internal expansion from the interior 
hich, to a certain point is bound to be hotter than the outside 
ll cause cracking, spalling or warping. Allow the quench to 
oceed to the point where all vibrations have apparently 
ised, then place the tips of the fingers down in the bath and 


the piece, and at the point where it can just be touched 
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but not held without discomfort, it should be 


removed 
either drawn or otherwise “let down” 


as described. 
MACHINING STRAINS 


Another cause of cracking or warping is machining stra 













and while this condition is not very common, it 1s one whi 
should be recognized as very aggravating, for it is likely to oc 
in the most expensive tool or where considerable amount 

machining has been done. As an added insurance agai 
trouble from this source, certain tools, should have the macli 
ing strains properly relieved by heating and cooling bef 
hardening is attempted. 

Cracking and failure in service are generally the inevital 
results of over-heating or under-heating by hardening too cl 
to the critical point. With our present facilities and source 
of information the former is hardly excusable while the lat 
can be avoided by the proper care and attention on the part 
the hardener. Failures from over-heating are readily discover: 
by observing the grain size in the fracture, while those from 
quench too close to the critical are more difficult of detection 
by the naked eye, are readily found by the microscope. A_ pi 
which is quenched too close to its critical, while the fractu 
may appear normal to the unaided eye, 1s weak and its hard 
ness breaking-down point is lowered. As an 


condition; sometime ago a failure of a 


illustration of | 
tungsten steel chase 
die was reported; investigation developed the fact that 
hardening from 1480 degrees Fahr. the dies passed the requir 
file and scleroscope tests but on drawing at 375 degrees Fal 
(25 degrees below the established standard) the tools develoy» 
softness, and on test the teeth broke out. From the claimant 
point of view there was something radically wrong with tli 
steel, as their treatment so far as they knew, was an establish 
standard with them over a long period of time and the troul! 
had never occurred before. The answer to the problem was 
the fact that they had not checked their pyrometers, and whe! 
this was done, it was developed that for some unaccountal!|: 
reason they were registering from 20 to 40 degrees Fahr., lov 
When this was corrected the trouble was 


overcome, and t! 
drawing could be done at 400 degrees Fahr., as before. 


During the course of investigating, it was also demon 






————— 
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ted, that the steel had a hardening range of about 150 degree 
ir.. and to avoid a reoccurrance of the trouble, the harden 

temperature was raised to 1525 degrees Fahr. Similai 
ubles namely, weakness and less of hardness below — the 
rmal breaking-down temperature will manifest themselves in 
lost any steel, even high-speed steels. Vhe danger point in 
ese steels apparently is located somewhere between 2000 and 
00 degrees Fahr. While we are informed that the transfor 
ation points for high-speed steels are considerably below this 
nge, there is very substantial evidence that a most impor 
tant change occurs in the modern standard steels, between 
100 and 2200 degrees Fahr. 
While on the subject of high speed steels, it is necessary 
mention the fact that a considerable proportion of troubles 
re caused by the hardener’s ignoring or rather failing to rec 
enize the fact that high-speed steels are sensitive to the time 
clement, as they are subject to rapid grain growth at tem 
peratures in excess of about 2000 degrees Fahr., or during the 
uperheat. For this reason the superheat should be as rapid 
possible to be consistant with uniformity. Maintaining the 
uperheat from 50 to 75 degrees Fahr., or even higher, over 
he intended quenching temperature, and quenching when a 
uniform sweat has appeared on the cutting surfaces, will greatl, 
sist in reducing the time element. 
[he question is frequently asked, how can one identify the 


oper quenching temperature for high-speed steels? This 


1S 
lifficult to answer, as differences in analysis affects this point 


llowever, for the standard 16 to 18 per cent tungsten steels, a 


. 


uench from 2300 to 2350 degrees Fahr., (tool temperature ) 
ecems to be the best, while for the lower tungsten or special high 
peed steels, temperatures somewhat lower should be used. ‘These 
wer tungsten steels are not at present in general use, so it seems 
nnecessary to dwell upon this feature further. Should anyone 

interested in them, the writer as far as experience enables 
m will be glad to answer questions regarding them. The fac! 
emains that many plants have not the pyrometer equipment for 
casuring high temperatures, at which high-speed steels have to 
quenched, consequently the bare fact that 2300 to 2350 degrees 
ir. is productive of best results means little or nothing to them. 


i 
} 


e following hints will, it is hoped, assist in finding the proper 
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temperature. Prepare a few sample discs or ‘pieces of the 


as nearly uniform in shape and size, as possible. Preheat th 
uniformly to a temperature of anywhere from 1500 degrees to 1s 
degrees Fahr. Be sure that a neutral or nonoxidizing atmosph 
exists in the superheat and quench from various temperatures 
shown by the varying intensity of sweat from where it’ first 
pears up to the blistering point. fracture these pieces and 1 
hetween which points the maximum refinement of fracture is 
tained. Then draw the pieces thoroughly to 1100 degrees [I's 
and test with a sharp file.* Those pieces which are soft indi 
too low a quench and by this elimination the ones wi 
are hard and still show the finest fracture are those which ha 
heen quenched inside the correct range for the steel. 

Most high-speed steels are greatly weakened if they 
blistered, and this condition must be avoided, if 
sults are to be obtained. 


s 
maximum 

A properly hardened high-speed ste 
tool should never show scale holes, rough or so called ‘alligato 


skin’ surtaces. 

For very heavy sections or complicated tools, and tho 
where loss in size must not occur, heating in these stages 
most desirable, though not absolutely necessary. First a_ vei 

thorough preheat between 1400 to 1500 degrees Fahr. or below 

the scaling point, second an intermediate heat between 1700 

1800 degrees Fahr. from which the tool should be transferred 
the final or superheat just as soon as it has attained the heat 
the intermediate furnace, and before scale has had a chance | 
form. It should always be borne in mind, that excessive scaling 
is likely to result in blisters, soft surface and is certain to resull 
in loss of size. 

The essential precautions to observe when treating high-speed 
steel tools are thorough preheating, prevention of scaling as muc! 
as possible by a proper manipulation of the furnaces, a quick high 
superheat, hot quenching medium and a thorough drawing as soo! 
as possible after hardening. 

It frequently happens that a hardener, who has not bee! 
accustomed to handling them runs into trouble when he is firs! 
introduced to a chromium, chromium-tungsten or tungsten too! 
steel, unless he knows something regarding the nature of thes 


"If test for hardness is made on the black 
grind spot or test on a fresh fracture. 





surface it will be misleading I 





Ses 
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Che introduction of either one or both of these elements 

es the critical points and consequently the quenching tempera 

e, and increases the density of the metal, and therefore the tool 

le from these steeis must necessarily have more time in the 

to insure uniformity throughout. While information is read 
ivailable just how to treat these alloy steels their nature 
| be better understood by the hardener, if he will follow the 
ctice of personally experimenting on some small test pieces 
firmly fix in his mind the temperature range and other con 
tions through which maximum hardness and grain refinement 
ces place. This is far more economical than experimenting on 


<pensive tools. 


CRITICAL QUENCHING SPEED 


I’very different variety of steel has what might be termed its 
tical quenching speed,’ that 1s the speed at which it is necessary 
reduce its temperature in cooling through the Ar point and 
ich will result in the maximum degree of hardness. Thus, while 

most desirable to quench carbon and some of the alloy 

steels as rapidly as possible to hold the carbide or carbides in 
olid solution, there are certain steels where the addition of such 
elements as chromium, manganese, tungsten, vanadium, either 
ngly or in combination acts as a brake in preventing this trans 
rmation from taking place, in fact there are some of these 
teeis among the chromium steels, those containing 6 per cent 
romium, high chromium-tungsten such as air hardening, or 
igh-speed steels, certain combinations of chrome-nickel and 
certain high manganese steels where a comparatively slow cooling 
trom temperatures above those at which carbide solution takes place 
tical point), will result in the lowering of the conversion 
oint on cooling to such an extent as to give a high degree of 
irdness. As none of the alloy steels will harden to any great 
xtent unless carbon is present in the steel, the obvious conclusion 
reached that this so called, ‘lowering’ action is due to the effect 
the combined alloy tending to hold in solid solution, the dissolved 
hides. Though it may in some cases be difficult, practically all 
these alloys can be softened by annealing. It is also known that 

t of these alloys can be suitably hardened in oil, the quenching 

d of which is slower than watef or brine, and _ practically 


f them will crack when quenched in- water or brine, also 
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some when certain kinds of oil are used for it is a -fairly 


known fact, that all oils do not quench with the same speed 


QUENCHING SPEED 


The question of quenching speed is brought forward beca 
of the theory which the writer is convinced is erroneous, and w! 
seems to have some degree of popularity in many places namely 1 
‘the more rapid any steel, regardless of its composition, can 
quenched the greater will be the resulting hardness.’ Thus 
sometimes finds steels which should be quenched in oil, bei 
hardened in either very thin oil, water or brine in attempt 
to increase the hardness. The evidence seems to be very 
clusive that inasmuch as the critical quenching speed is 
fluenced by the composition of the steel, it is necessary 
quench it in a medium which will cool it with a velocity eitli 
equal to or slightly in excess of this critical quenching spe 
and when this condition has been satisfied, any _ increase 
the velocity of quench by changing the quenching medium \ 
not result in any greater degree of hardness, but more than lik 
in contraction cracks and in any event, weakness. Thus it 
lows that oil or self hardening steels must not be quenched 
water, or any other medium which will increase the cooling veloc 
beyond the danger point. If consistent cracking is experience: 
this feature should be thoroughly investigated as it is know: 
that different oils will vary in the speed with which they quem 
and water sometimes finds its way into the oil tank. The writer | 
purposely concentrated on the effect of quenching speed as li 
convinced from his own experience and that of others, that troul! 
from this source are of frequent occurrence. 


Sort Spots AND SIMILAR ‘TROUBLES 


Soft surfaces, soft spots, and some other undesirable resul! 
such as size change, generally are due to the practice of imprope! 
heating. It must be borne in mind, that scale is an oxide, a 
oxygen has affinity for carbon, when the temperature is sufficient! 
elevated. Thus, a tool which is badly scaled by either, an oxid 
ing furnace atmosphere or excessive soaking, generally develo 
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wre or less decarburized and consequently soft surface. Phough 
soaking at scaling heats may not be sufficiently prolonged to 


ult in actual decarburization there is danger of sections of scale 


hering to the surface, and acting as insulators in the quench, 


sulting in soft spots underneath. Cold tongs, hooks, ete., are 
so potent causes of soft spots and while their use is generally 
cessary a little judgment and discretion will indicate a portion of 
e tool where extreme hardness is not of paramount importance 
where it can be held with the tongs or hook with impunity. 
not allow the tool to remain stationary in the quench thus 
ving the water time to form steam pockets which will not onhy 
sulate that portion of the tool where they are formed, but 
vill in many instances result in fracture. The piece should be 
ept in motion; where there are deep depressions to be hardened 
forced stream should be directed on or in these depressions. If 
rehardening 1s necessary it should be proceeded by a_ thorough 
nneal to remove the effects of previous treatment. Lack of at 
tention to this precaution is likely to result in failure if not in 
tal loss of the tool. 
The prevention of excessive size change is best accomplished 
the use of a nondeforming steel, where it will meet the working 
mditions. As most steels are subject to an increase in specific 
rravity, by hardening they naturally shrink, \Where shrinkage must 
held to the lowest possible degree and a nondeforming: steel 
not used, the tool should be thoroughly preheated between 1259 
1350 degrees Fahr. and from this point as rapidly as_ possible 
) the desired quenching temperature. By a proper regulation of 
hoth furnaces this can be accomplished uniformly and withou 
considerable loss of size or other undesirable condition from. scal 
Grinding which is such as to raise the temperature: above 
ie breaking-down point will naturally result in skin softness and 
requently in cracks. This may be remedied by a free cutting 
vheel, light cuts and at proper speeds, which good practice has 
hown should vary according to whether the steel is carbon or 
igh-speed. One abrasive wheel maker, recommends for the best 
esults, a somewhat coarser and softer wheel, and if possible 
lightly decreased speeds for high-speed and other very hard alloy 


teels, than are generally used for carbon or other similar steels. 
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DRAWING 


Kven if a tool has reached this stage in its develop: 


where it is to be finish-ground without showing any defect 
does not necessarily follow that it will work to the best advant 
if the drawing has not been correctly accomplished for the 
of work which the tool is to come in contact. As indicated 
fore, the operation of drawing, has a major influence on the 
results obtained. No hard and fast rule can be laid down 
governing this operation for all varieties of work, as this « 
only be determined by experience and the careful observati 
of the way in which the tool fails. Suffice it to say that mam 
tool and many a good tool steel has been discarded for a certai 
purpose as being too soft, when exactly the reverse has been 
case. A rounded or turned over cutting edge does not alwa 
signify that the tool is soft, because the tools often attain this 
condition when too hard, by minute crumbling at the edge, du 
to the rubbing action of the work, giving them the appearance 
being too soft. When a tool fails and it is known that the har 
ening conditions have been correct, raising the drawing tempera 
ture in many cases will remedy the trouble. 


CONCLUSION 


Finally, to sum up the text of this paper, it has been show 
that tool room troubles can be greatly reduced if not entirel) 
eliminated by: 

1. The proper selection of the steel. 

2. The proper design of the tool avoiding sharp corners, 
and adjacent thick and thin sections as far as possible. 

3. Co-operation between hardener and designer. 

4. Good, though not necessarily expensive, hardening 
equipment. 

5 Uniform heating and quenching. 

6. Drawing to relieve strains as soon as_ possible after 
quenching. 

7. Knowing the hardening range of the steel and keeping 
well within it. 


8. Not attempting to increase the hardness of a self 0! 
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hardening steel by uing a cooling medium of greater velocity 
that in which it is designed to be cooled. 
9. Using preheats wherever possible. 
10. Where a large amount of machine work has been done. 
warping is likely, annealing before hardening, to relieve machin 
strains, and annealing if rehardening is necessary. 
11. Avoid sealing which will result in loss of size, appearance 
f soft spots, etc. 
12. Proper grinding practice. 
13. Drawing to the degree which will produce the toughness 
necessary to best accomplish the work for which the tool is de- 


sioned. 
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a THE ANNEALING OF SHEET STEEL 


° (Continued from Page 139) 


stock must be reannealed after cold rolling to remove the str: 
of cold working. This second annealing operation is very 
portant with hight gage sheets, on account of the high phospho: 
content. While it might be again said that the correct temper 
ture would be 1620 degrees Fahr., these sheets, now with a |) 
polished surface will stock ar weld together much more easj! 
and since this added expense has been put upon them, loss f; 
stickers will amount to considerably more in money. — Exy» 
ments showed that on this class of material a temperature of 0 
1150 degrees Fahr. would cause stickers, and that 1200 deer 
‘ahr. or over made them impossible to separate. Therefore, | 
second annealing is very light and it is impossible to remove 
strains unless they were annealed in very thin packs, where tli 
weight would not hold them close enough to stick. The ro 
temperature on cold rolled material does not run over 1400 
grees Fahr. and the firing time about 8 hours. 


BLUE ANNEALING 


Heavy gage sheets (sheet mill material) are — ordinaril 
spoken of as blue or box annealed. In this sense, blue anneal 
means the open annealing of a sheet in an open furnace, thi 
sheet always having considerable scale on it. Blue annealin 
by the box method is quite a different thing, and as a larg: 
tonnage of light gage stock is marketed this way the anneal 
ing of it is important. The purpose of blue annealing is to cove 
the surface of the sheets with a rust-resisting coating of oxic 
which being in the form of Fe,O, will vary froma light blu 
to a black. The material may be made as stove pipe, elbow, «1 
high polished stock, with numerous grade between. 

Most of the methods for blueing take place during the an 
nealing operations and are so closely related that a study of on 
must include a study of the other. The author has experimente 
with some twenty-one methods of obtaining a blued sheet by an 
gas, steam and chemicals. The results, however, of these tests ar 


not incorporated in this paper. These few words on_blueing 
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merely to bring to the readers attention the importance o!} 


caling in- the sheet steel industry. 


SUM MARY 


ln summing up this paper the contents may be briefly classi 
into the following 14 points. 

|. The most common type of annealing equipment is_ the 
tvpe furnace and annealing boxes. 


» The continuous box type furnace gives better heat con 


3. The continuous muffle type furnace should show a con 
derable saving in fuel due to the fact that there would be no 

it wasted in heating covers and bottoms. 

}. Pyrometers on roof work require rare metal couples and 
e method of measuring temperature within the box is expen 
ive and unsatisfactory. 

5. Softness of the sheet does not necessarily mean good 
tamping quality. 

6. A dirty surface will cause a well annealed sheet to 
reak in stamping. 

7. Steel should be as low as possible in sulphur and phos 
horus with carbon and manganese within reasonable limits. 

8. Grain growth must be prohibited even at the expense of 
ucomplete removal of rolling strains. 

9. Sticking is the result of a high annealing temperature 
d frequently is accompanied by grain growth. 

10. The heat distribution in the cannon ball furnace is good, 
ut charging of the boxes is difficult. 

ll. The bench type furnace, while easy to charge, ex 

bits poor heat distribution. 

12. Stoker-fired furnaces are as economical as hand-fired 
lurnaces. 

13. Bringing up the temperature as rapidly as possible will 
elp to clear the sheets. The heat absorption of steel is a de 
nite quantity with time and temperature the main factors. 

\ high furnace temperature only burns up the furnace and 
Vers, 

14. Deoxidizing and blueing are operations carried out on 


e steels while in a heated condition. 








I eS 


; 
4 
<4 
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NOTES FROM THE BUREAU OF STANDARDS 


Tue ForM oF OXYGEN IN STEEL DETERMINED BY VACUUM Fusi 
ANALYSIS 


PREVIOUS tests have indicated that oxygen existing 
iron or steel as iron oxide or silica is completely determin: 
by the vacuum fusion method of analysis for gases in metal 
Additional tests have been made with oxides of mangane 
and aluminum, the results showing a recovery of over ‘) 
per cent of the oxygen in either of these oxides, the oxid 
used in such tests being in comparatively coarse particles. 

It has been shown, both in these tests and by previou 
investigators, that the reduction of such oxides by carbon 
more complete the finer the oxide. It is, therefore, believe 
that such oxides contained in steels as very fine inclusions ar 
completely reduced in the vacuum fusion method of analysi 


NicK-BENp Tests OF WrouUGHT [RON 


Previous work on this subject by the Bureau has show: 
that the character of the crystalline areas which are often ob 
tained when wrought iron bars are fractured by the nick 
bend test is determined largely by the relative size and dis 
tribution of the slag threads. In general the smaller the slag 
threads and the more uniformly they are distributed, the 
greater is the tendency for crystalline areas to occur. 

In order to confirm this tentative conclusion, conside1 
able attention has been given to the nick-bend test of open 
hearth iron. It was noticed that the full-sized bars broken 
in the regular manner of the nick-bend test invariably gav 
crystalline fractures. The observations previously made on 
the difference in the nature of the crystalline break on thx 
tension and compression sides of the bar were also confirmed 
On the other hand, a large number of the small impact speci 
mens cut from such bars and tested by the Izod and Charp) 
methods gave silky fractures. Evidently, the nick-bend test 
should not be considered merely as an impact test of the Izod 
and Charpy types on a large scale. 

By annealing impact specimens of the open-hearth iron 
at high temperatures up to and including 1150 degrees Cent., 
which renders the grain size larger and more uniform, the 
fractures obtained in the impact test were very similar to 
those in the simple nick-bend test of the the untreated iron. 
However, some of the bars annealed at high temperatures still 
showed a silky fracture after the Charpy impact test. It 
appears probable, therefore, that the resistance of the iron to 
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ck is not determined simply and wholly by the grain size; 
that other features, such as the form of the grain, partic- 
arly the character of the junction between neighboring 
rains, may affect the results. Microscopic examinations ot 
-actured specimens are being made to throw light upon this 


CRYSTALLINE ForM OF ELECTRODEPOSITED METALS 
\ paper entitled “Notes on the Crystalline Form of Elec- 
rodeposited Metals” has been prepared by members of the 
Bureau's staff for presentation at the fall meeting of the 
\merican Electrochemical Society. The purpose of this paper 
to present a simple theory on the mechanism of electrode- 
nosition and a classification of structures which the 


Bureau 
believes will be helpful in further studies in this field. 


(HE QUENCHING OF O1L-WATER EMULSIONS ON GAGE STEEL 


Considerable time was devoted during the month of June 
to a study of the characteristic behavior of an oil-water emul 
sion (a mixture used commercially to some extent) as a 
juenching medium in the heat treatment of steels. 

It was found necessary to stir the mixture with high pres 
ure air to obtain a homogeneous emulsion in which con 
lition it was very stiff and cooled the specimen much more 
lowly in the upper temperature range than oil. It had the 
eculiar property of cooling slowly half way and then very 
rapidly, the time to cool to one-tenth of the temperature range 
being about the same as for oil. This unique property is 
evidently due to entrapped air and should be studied further. 
\Vhen completely emulsified, it was not possible to harden 
‘tandard cylinders of 1.4 per cent chrome steel though they 
uld be hardened if the mixture was not thoroughly emulsified. 


ADDITIONAL FouNDRY EQUIPMENT 


Up to the present time, nearly all the work of the Bureau's 
oundry has been limited to the preparation of nonferrous al 
] 


loys. Recently the Bureau has purchased a small cupola to 
be used for investigational purposes in connection with the 
ferrous alloys and also to provide metal for castings used by 
the Bureau and other branches of the government. | uring the 
month of June the construction of a charging platform and 
‘oundations for the cupola were completed. The installation 
nd lining of the cupola are now in progress and the equipment 
vill soon be ready for service. 
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The Question Box | 


A Column Devoted to the Asking, Answering and Discussing | 
of Practical Questions in Heat Treatment —- Members 
Submitting Answers and Discussions Are Requested 

to Refer to Serial Numbers of Questions 

| 





NEW QUESTIONS 


QUESTION NO, 88. What are the flash and fire point 
the principal vegetable, animal and mineral oils? 















QUESTION NO. 89. 


What are the melting points of 
principal chemical elements? 
















QUESTION NO. 90. Please give the temperatures 


corresponding temper colors used in the drawing of carbon st 








QUESTION NO. 91. Please state the temperatures 


corresponding colors used in hardening carbon steel. 









QUESTION NO. 92. What is meant by reduction of | 
in tensile testing of metals? 


ANSWERS TO OLD QUESTIONS 


QUESTION NO. 69. 1s sulphur up to OO per cent det 


mental to the quality and physical propertics of an automot 
steel? 











QUESTION NO. 72. What clements are conducive to go 
electric butt-welding of steels? 













QUESTION NO. 73. Does electric butt-welding destroy t 
physical properties developed ina steel which has been heat treated 
prior to the welding operation? 





QUESTION NO. 74. Why shouldwt a bar of steel rolled 
from a locomotive axle be better than one rolled direct from th 
billet made from the original ingot? 








QUESTION BOX 





OUESTION NO. 83.) In annealing high-carbon tool steel 
open-fire furnace 6’ «x 12’ ts it likely that sulphur would b 
ted to the steel by the usc of produce) gas imate from coal 


sually high in sulphur, say around 1.50 to 2.00 per cent 


QUESTION NO. 85.) What is the best method of prevent 


wburisation in holes, or in the bore of parts to be ease hard 


QUESTION NO. 86. Can ingotism in steel be removed 


sequent rolling or forging? 


\NSWER—By M. H. Medwedetf, metallurgist and chemist, 
voming Shovel Works, Wyoming, Pa., 


Ingotism in steel is not such a rare phenomenon as it 1s 
ommonly supposed, particularly in alloy steels made in large 
pen-hearth furnaces and poured into large moulds. But the 
acd effects of ingotism, i. e., the inherent weakness due to an 
<cessively large grain, are easily overcome by subsequent rolling 

forging at proper temperatures. 


Ingotism in steel is the phenomenon of an excessively large 


Crain in the cooled ingot. This occurs whenever the solidification 
ge is very wide, 1. e., when the pouring temperature is too 


igh, or in general whenever the passage through the solidification 
is’ been too slow. 

In rolling at proper temperatures, above the critical range, 
i¢© mechanical work crushes the large crystals which are immedi 
itely reformed into smaller crystals. The final size of the crystals 
ill depend upon the finishing temperatures. If the work was 
topped when the steel was slightly above the critical range the 
teel would have a fine grain and the physical properties of the 
rstwhile brittle steel would be very good. Careful forging will 
lso remove the effects of ingotism. 


QUESTION NO. 87. What is the reason for the distortion 


gears made of S. A. i. 3120 steel after carburizing according to 

ommended heat treating practice of the S. A. E.? 

ANSWER. By James Sorenson, metallurgical engineer, Four 
Vheel Drive Auto Co., Clintonville, Wis. 


One of the primary causes for gears made from S. A. FE 
120 steel distorting after carburizing is due to the gear blanks 
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not being thoroughly annealed before carburizing, fluctuation 
temperature during the carburizing operation or the use of 
drastic a quenching medium in the hardening operation, may 
be the cause. 

The writer has handled a great many tons of gears made fri 
S. A. E. 3120 steel in the following manner and has always h 
very good results, both as to uniformity in hardness and structu 
and a minimum amount of distortion. 

The treatment is as follows: After machining of gear blan 
anneal at a temperature of 1550 degrees Fahr. and cool in 
furnace, finish machine and carburize at 1650 degrees Fahr. C 
in boxes. Reheat to 1575 degrees Fahr. and quench in oil. ki 
heat to 1450 degrees Fahr. and quench in oil. Draw temper a 
cording to the desired hardness of the case. 


ANSWER—By M. H. Medwedeff, metallurgist and chemist 
Wyoming Shovel Works, Wyoming, Pa. 


Gears will distort during the carburizing process due to variou 
causes. Sometimes excessive distortion will result from imprope1 
packing of the gear in the carburizing boxes, 1. e., uneven distri 
bution of weight of gear surface. Distortion will also result 
if the carburizing boxes are unevenly heated, due in turn to fault) 
furnace operation. ‘The writer has often observed portions o| 
carburizing boxes red hot while other portions are almost black 

Gears should be packed in such a manner that the weight 
is evenly distributed. Another very common source of distortio1 
is when gear blanks have not been properly annealed and _ the 
large forging strains not removed. 

To minimize distortion in gears the furnace charge should 
be brought up slowly to the desired carburizing temperature, and 
the burners manipulated in such a manner that the furnace chambet 
is evenly heated. This is very simple if the operators are trained 
in proper adjustment of burners. It is really remarkable how 
little attention is paid to this point. It is also important to allow 
the gears to cool in the boxes until black. 

Uneven heating and faulty distribution of weight of gear 10 
quenching will also cause distortion. 


In the July issue of TRANSACTIONS, Question No. 76 was 
answered by B. F. Weston of the Jones & Laughlin Steel Cor 
poration. It was stated that Mr. Weston was located at the S. 5 
Works, Beaver Falls, Pa. This statement should have been 
South Side Works, Pittsburgh, Pa. 
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ADDRESSES OF NEW MEMBERS OF THE AMERICAN SOCIETY FOR 


STEEL TREATING 


ABBREVIATIONS 


resents Sustaining* Member; and Sb represents Subscribing 


e figure following the letter shows the month 


NEW MEMBERS 


LISON, 
ARTLETT, C. 


() 


1] 


(Jr-6), 58 Chestnut 


(M-6), 4636 E. Thompson St., Philadelphia, Pa. 
(J r-/), c/o Bettendorf (¢ O., 
Beacon Oi:l Co., 


NDIXON. H. 


lorty-eighth 


\MPBELL, 
\NDLIN, 

\NN & SAUL STEEL CO., (S-6), 516 Commerce St., Philadelphia, Pa 
\RLSON, J. V., 
ASLIN, JAMES, (M-6), 5923 Romania Place, St. Louis, Mo. 


Philadelphia, 


(M-5), Union Special Machine Co., 


(M-5), Union Special Machine Co., Chicago, III 


CLEMENT, H. L.. 


LI 
1} 


(Jr-7), 1183 Twenty-fifth St., Moline, IIL. 
Llewelyn Works, Torrance, Cal. 








KLLLIS, 






FENTRESS, G. 


> 


\ 


Le 


525 Thirty-seventh St., 






, CORNELIUS A., (M-5), 2620 S. Sixteenth St., Philadelphia, Pa 


GILCH, JOHN A,, (M-6), 305 Van Vranken Ave., Schenectady, 
GOODENOW 






FURNACE 


HOTCHKISS, 
IYBINETTE, 
KINNEY, 
\ VAN, MONT, 
LEWIS, ] 
LIGHTFOOT, 
OVELL, A. C 
MAXFIELD, T 


NICKLE, 


PI 










(A-6), Hotel Dupont, Wilmington, 
18100 Cornwall 


Ohio Seamless 
(M-5), 1633 Dyre St., Frankford, 
, Fabric Tool 
Houghton & 


Philadelphia, 
South Bend, 


Schenectady, 


PIRK, 
RADFORD, 
REEVES MFG. 


ROSS, J. 







(M-7), 1036 S. Main St., Waterbury, Conn. 


SOVERHILL, H. A. 
SZEKELY 
REANOR, 
LE RIECK, 
VALEN, 


\ 


(M-5), 1120 Thirteenth St., Moline, 










(Jr-6), 416 Eighteenth Ave., Moline, Il. 
(M-5), 224 S. 
Heat Treating 


Pine St., Davenport, Ia. 


VARD’S SONS CO., 
Philadelphia, Pa. 


VEBSTER, G. W., 
WOOD, LEON 


(Jr-7), 583 Central Ave., 
(Jr-6), Saco-Lowell Shops, Lowell, Mass. 






JONES, R. H., from 1400 Portland Ave., to 3016 29th Ave. S., Mi 


mn 
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CHANGES OF ADDRESS 


ADAMS. H. R.. from 816 W. Lake Street, to 1302 W. Washineton PB 
Chicago, Ll. 

ADAMS, J. O., from 930 Church St., to E. C. Atkins Co., Indianapolis 

BODINE, FRANK, from 2303-14th Ave., to 1312 Seventh St., Rockford 

BURKE, THEODORE, from Isaac G. Johnson Co., 


Y.. to Otis Elevator Co., Buffalo, N. Y. 
CHABOT, }. M. T., from 23 Silver St., Waterville, Maine, to 115 | 
St.. Charleston, W. Va. 
CINLOTTI, G. E., from 726 -N. Beatty St., Pittsburgh, Pa., to Vana 

Alloys Steel Co., Springfield, Mass. 
COLLINS, ARTHUR L., from 5616 Crowson St., Germantown, P 
Horace T. Potts & Co., Philadelphia, Pa. 


Spuyten Duyvil 





CONRADI, L. C.. from R. F. Dt No. 1, to 143 Jackson Ave., Plain 


N. J. 
CORNISH, F., from 3 Greenwood Ave., to 288 Vernon St., Blue Island 
CRAMP, ARTHUR L., from Imperial Drop Forge Co. 


. to Route “C, 
393, Indianapolis, Ind. 


DAY, WM. E. Jr., from 311 Magnolia St., to International Motor 
New Brunswick, N. J. 


ESAU, G. W., from 6739 Cornell Ave., to E. F. Houghton & Co., Chica 


(1. 


FISCHBECK, H. J., from 137 Twenty-second St., Irvington, N. J 
Pratt & Whitney Co., Hartford, Conn. 


FREDERICK, J. B., from Poole Hotel to Barber Colman Co., Rock 
[11. 


GARDNER, G. E., from 2278 Detroit Ave.; to 1309 Palmetto, Toledo 


B 


( 


+ ' 
I 


{} 


GILMOUR, M. L., from Reynolds Wire Co., to 2007 Everett St., Houst 


Texas. 

GRIFFITHS, E. M., from Universal Steel Co., Bridgeville, Pa., 
W. College St., Canonsburg, Pa. 

HARTMAN, Wm. C., from 425 Avenue B, Bethlehem, Pa., to 6l1( 
Catalina Ave., Redondo Beach, Cal. 


+ 
LO) 


HEISE, A. R., from New Departure Mfg. Co., to General Delive: 


Bristol, Conn. 

HERB, J. W., from 729 Washington Street, Easton, Pa., to 98 Washin 
St., Phillipsburg, N. J. 

HINDE, WILFRED, from Y. M. C. A., Moline, to 638 Forty-third 
Rock Island, Ill. 


HOAGLAND, F. O., from Reed-Prentice Co., Worcester, Mass., to 
Lowell Shops, Lowell, Mass. 

HOGAN, E. J., from 2609 N. Main St., to Box 1227, Hughes Tool 
Houston, Tex. 


HOWE, H. A., from 4870 Edmonton Ave., Detroit, to 2218 W. 11th 
Terre Haute, Ind. 


Detroit, Mich. 
Steel Co., 1401 Monroe Bldg., Chicago, Il. 
apolis, Minn. 


KRUMM, S. Z., from Case School of Applied Science to 4912 F. 
St., Cleveland, O. 


LASCHUK, S., from 733 S. Karlov Ave., to 1644 Augusta, 


Chicago, 


ot 


wf 


Sa 


( 


a 


JARDINE, ROBT., from Rich Tool Co., Chicago, to 709 Kresge Bld 


JONES, A. R., from 425 E. Water St., Milwaukee, to Interstate Iro: 


S41 














CHANGES OF ADDRESS 





KENZIE, Wm. J., from 5437 University Ave., to Interstate Iron 
Steel Co., Chicago, Il. 
GILL, B. H., from 520 Campbell Ave., to 13 Osteltz Ave., Schenectady, 
N. ¥ 
\HILTE, C. C.. from 1927 Waldeck St., Columbus, O., to American Rolling 
Mill Co., Middletown, O. 
\RINO, F. P., from 2437 Emerson Ave., to 5248 29th Ave. S., Minne 
ipolis, Minn. 
\NIFFE H. F,, from 80 Lilac St., Buffalo, N. Y., to Stanhope, N. Y 
ARDELL, W., from 15 Argyle Rd., Brooklyn, N. Y., to 445 Richmond 
Rd.. Staten Island, N. Y. 
cGUIGAN, R. J., from 5539 Baywood St., Pittsburgh, Pa., to Birch Lynn, 
Wheeling, W. Va. 
MANNUS, W. H., from 50 Peterboro St., to 4417 Second Ave., Detro't. 
Mich. 
-S-RHELLMAN, T. A., from 2801 LaSalle St., to 1075 Arcade Bldg.. 
St. Louis, Mo. 
EKDDERSON, E. W., from 6909 S. Green St... Chicago, Ill. to 2245 
Blaine Ave., Detroit, Mich. 
NEHART, H. F., from Curtis & Co., Mig. Co., to Chevrolet Moto 
Co., St. Louis, Mo. 
\RBROUGH, H. E., from General Electric Co. to 165 S. Clark 
St., Chicago, Ll. 
STENGER, BERNARD H., from Queen City Steel Treating Co., to 1620 
John St., Cincinnati, O. 
KPHENSON, R. L., from 964 Stimson Place to 9161 Concord St., 
Detroit, Mich. 
lLHUM, E. E., from Chemical & . Metallurgical Engineering, New York 
City, to 34 Aubrey Rd., Montclair, N. J. 
T'URNQUIST, E., from 332 W. 9th St., to 303 Brock Apts., Anderson, Ind 
VIGEANT, X., from 1336 W. Washington Blvd., to 14 E. Jackson Blvd., 
Chicago, Il. 
VESTON, B. F., from Union Drawn Steel Co., to 817 12th St.. Beave 
Falls, Pa. 


MAIL RETURNED 
ENT, F. E., 101 N. Virginia Ave., Atlantic City, N. J 


\DRIANCE, E. F., 173 Sante Fe Ave. Huntington Park. Cal 
\LBRECHT, T. A, L., 67 Massachusetts St., Detroit. Mich 
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Items of Interest 

HIE many friends and acquaintances of T. E. Barker one our 

founder members and past vice president, will be interested to knoy 

that he is now associated with the Atlas Steel Corporation as service engineer 


with offices at 1242 W. Washington Boulevard, Chicago, Llinois. 

Mr. Barker’s exceedingly active interest in the promotion of better heat 
treating practice, and his extended experience in the application of steels 
should make him the welcome guest of all steel users. 

We are sure that, after his rather extended sojourn on the frontier. 
Mr. Barker will be glad to welcome his old friends at the above addre: 


Mark Ammon has accepted a position as metallurgist with the Steel 
Improvement and Forge Company of Cleveland. Mr. Ammon was formerly 


connected with the Peerless Company of Cleveland, Willys-Overland of 
. loledo, and more recently with the Earl Motors at Jackson, Michigai 

C. K. Everitt, works manager and director of Edgar Allen & Co., Ltd., 
Sheffield, England, is now visiting in the United States. 


Charles M. Schwab had conferred upon him the honorary degree of Doc- 
tor of Laws by St. Francis college at Loretto, Pa., June 14.) Mr. Schwab 
graduated from the college in 1881. 


R. W. McPhee, who for the past few years has been with Henry Pels 
Li & Co., New York, dealers in plate fabricating machinery, has purchased an 
interest in the Blackman, Hill, McKee Machinery Co., St. Louis, and will 


begin his new work July 1. 





E. J. Lowry, metallurgist, Hickman, Williams & Co., as a representative 
of the American Foundrymen’s association, will present an exchange paper 
on “Semi-Steel” at the convention of the International Foundrymen’s associa- 
tion at Paris, France, Aug. 22, 





